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This  unit  is  about  cells,  which  are  the 
fundamental  living  units  of  all 
organisms.  Cells  are  the  structural 
building  blocks,  like  bricks  of  a 
building.  Cells  are  the  units  within 
which  all  functions  occur  or  originate. 
Our  brains  think  and  our  muscles 
move,  but  it  is  the  brain  cells  and  the 
muscle  cells  that  actually  carry  out  the 
functions.  The  study  of  cells  is  the  first 
order  of  business  in  any  logical  study  of 
biology .  An  understanding  of  cells 
makes  it  possible  to  understand  all 
aspects  of  life  in  all  the  different 

organisms. 


Introduction 


1—1  Biology  defined  Biology  is  one  of  the  special¬ 
ized  fields  of  science.  The  name  comes  from  two  Greek 
words— bios,  which  means  “life,”  and  logos,  which  means 
“speech”  or  “reason.”  Biology  (bl  olG  je)  is  the  science 
of  life  and  life  processes. 


1—2  The  major  branches  of  biology  There  are 
well  over  a  million  different  living  things  on  the  planet 
Earth.  Each  individual  living  thing  is  called  an  organism 
(or'gs  niz  am).  Each  organism  is  complex  and  so  are  the 
differences  between  organisms.  Therefore  there  are  many 
specialized  branches  within  the  field  of  biology. 

The  major  branches  of  biology  are  botany  and  zoology. 
Botany  (bot'a  ne)  is  the  study  of  plants.  Zoology  (zb 
ol'a  je)  is  the  study  of  animals.  Before  the  use  of  micro¬ 
scopes,  all  organisms  were  thought  to  be  either  plants  or 
animals.  Now  we  recognize  a  third  major  branch  of  biol¬ 
ogy,  which  is  devoted  to  the  study  of  small  organisms 
called  microorganisms  (ml  kro  br'ga  niz  amz).  Micro¬ 
organisms  can  only  be  studied  with  the  aid  of  a  micro¬ 
scope.  The  branch  of  biology  that  deals  especially  with  mi¬ 
croorganisms  is  called  microbiology  (ml  kro  bl  ol'a  je). 

1—3  Structure  and  function  While  studying  or¬ 
ganisms,  biologists  have  always  had  two  basic  goals.  These 
have  resulted  in  two  specialized  fields  of  biological  study. 

The  first  goal  was  to  understand  how  organisms  are  put 
together,  or  made.  The  pursuit  of  this  goal  developed  into 
the  specialized  field  of  anatomy  (a  nat'a  me).  Anatomy  is 
the  study  of  the  structure  of  organisms  and  their  parts. 


William  Harvey  demonstrating 
the  flow  of  blood  in  a  deer  to 
Charles  I. 
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FIGURE  1  - 1  The  levels  of  organization  of  life 


The  second  goal  was  to  understand  how  organisms  and 
their  parts  work,  or  function.  Biologists  pursuing  this  goal 
developed  the  specialized  field  of  physiology  (fiz  e  oTo 
je).  Physiology  is  the  study  of  the  functions  of  organisms. 

1—4  Levels  of  organization  One  of  the  most  im¬ 
portant  characteristics  of  life  is  its  unique  organization.  Life 
is  organized  in  a  hierarchy,  which  is  a  series  of  levels  of  in¬ 
creasing  complexity.  This  hierarchy  of  life  is  made  up  of 

levels  of  organization. 

We  can  explain  the  unique  organization  of  life  by  start¬ 
ing  near  the  bottom  of  the  hierarchy.  All  organisms,  with 
few  exceptions,  are  made  up  of  cells.  The  cell  (sel)  is  the 
smallest  subunit  of  organisms  that  can  exist  independently 
and  carry  out  all  basic  life  functions.  However,  there  are 
three  levels  of  organization  below  the  level  of  the  cell.  The 
cell  itself  is  made  up  of  organelles  (or  ga  nelz'),  which 
are  structures  that  carry  out  specialized  functions  in  the 
cell.  In  turn,  organelles  are  made  up  of  molecules,  and 
molecules  are  made  up  of  atoms.  These  sublevels  of  cel¬ 
lular  organization  are  discussed  in  Chapters  2  and  3. 


Above  the  level  of  the  cell  is  the  tissue  (tish'ii),  which 
is  a  group  of  cells  that  works  as  a  team  and  carries  on  one 
or  more  specialized  functions.  An  example  is  the  tissue  that 
lines  and  protects  the  inside  of  your  mouth.  Most  organ¬ 
isms  have  tissues. 

Above  the  tissue  level  is  the  organ  (or'gan),  which  is 
made  up  of  two  or  more  tissues.  An  organ  is  a  specialized 
structure,  such  as  the  heart  or  stomach,  that  has  a  specific 
function  or  functions. 

At  a  high  level,  mainly  in  animals,  there  is  a  level  of  or¬ 
ganization  called  the  organ-system,  or  simply,  system 
(sis'tom).  The  system  is  a  group  of  organs  that  work  to¬ 
gether  to  perform  one  or  more  specific  functions.  An  ex¬ 
ample  is  the  digestive  system,  which  includes  the  stomach 
and  several  other  organs  that  function  together  to  digest 
food. 


1—5  Beyond  the  individual  The  individual  organ¬ 
ism,  or  individual,  is  near  the  middle  of  the  hierarchy.  This 
position  is  the  result  of  a  change  in  the  thinking  of  biolo¬ 
gists  from  the  last  century,  when  the  individual  was  con¬ 
sidered  as  the  top  level  of  organization.  The  modern  biolo¬ 
gist  thinks  of  the  individual  as  a  temporary  unit  of  life. 
Actually  most  individuals  live  for  just  days,  weeks,  or 
months. 

The  truly  stable  and  long-lived  unit  of  life  is  the  popu¬ 
lation  (pop  ys  la'shsn),  which  is  the  level  of  organization 
beyond  the  level  of  the  individual.  A  population  is  a  group 
of  individuals  of  the  same  kind,  usually  defined  by  space 
and  time.  For  example,  a  population  could  be  all  the  wild 
bison  in  Wood  Buffalo  Park  in  Alberta  in  September.  Like 
individuals,  populations  live  and  die.  Most  live  for  millions 


of  years.  When  they  die,  they  become  extinct.  A  herd  of  bison  is  an  example  of 

a  population. 


1—6  Community  and  ecosystem  The  next  higher 
level  of  organization  is  the  community  (ka  myii'na  te), 
which  is  a  group  of  populations  living  in  an  area.  An  ex¬ 
ample  is  a  pond  community,  which  includes  all  the  popu¬ 
lations  living  in  or  near  a  pond. 

It  is  impossible  to  understand  the  workings  of  a  commu¬ 
nity  without  considering  the  physical  environment  with 
which  it  interacts.  For  example,  a  pond  community  is  con¬ 
stantly  affected  by  the  nature  of  the  water  in  the  pond,  the 
chemicals  dissolved  in  it,  and  weather  conditions  above  it. 
Thus  biologists  now  link  the  community  and  the  physical 
environment  with  which  it  interacts  into  one  single  unit, 
or  level  of  organization.  Such  a  unit  is  called  an  ecosys¬ 
tem  (e'ks  sis  tsm).  The  specialized  study  of  organisms  and 
their  environment— including  populations,  communities, 
and  ecosystems— is  called  ecology  (e  kol's  je). 

1—7  Biosphere  and  ecosphere  It  is  sometimes  use¬ 
ful  to  think  of  the  sum  total  of  all  life  on  the  earth  as  a 
single  unit,  or  level  of  organization.  Such  a  unit,  called  the 
biosphere  (bl'o  sfir),  is  often  used  to  describe  the  entire 
sphere  of  life  that  is  the  living  portion  of  our  earth.  An 
even  broader  unit  is  sometimes  considered  to  be  the  high¬ 
est  level  of  organization.  This  is  called  the  ecosphere 
(e'ka  sfir)  and  includes  all  life  on  the  earth  and  the  physical 
environment  that  interacts  with  all  life.  The  ecosphere  is 
the  largest  ecosystem. 


The  photograph  below  shows 
HeLa  cells.  These  are  cancer  cells 
taken  from  a  person  who  died  in 
1951.  These  cells  are  used  in 
many  research  labs. 


1—8  Life  and  death  Life  and  death  can  occur  at  sev¬ 
eral  levels  of  organization.  Within  an  individual,  such  as 
the  human  being,  thousands  of  cells  are  dying  every  hour. 
Death  can  occur  to  tissues  and  organs  while  the  human 
being  still  lives. 

On  the  other  hand,  a  human  can  die  and  yet  cells,  tis¬ 
sues,  and  even  organs  from  that  person  can  continue  to 
live  for  many  years.  Cells  from  a  person  who  died  in  1951 
are  still  alive  in  laboratory  cultures  throughout  the  world. 
Organs,  such  as  kidneys,  from  dead  persons  continue  to 
function  in  persons  that  live  normal  lives. 

We  have  already  mentioned  that  death,  or  extinction, 
can  occur  to  a  population.  In  fact,  that  is  the  normal  fate  of 
populations,  although  it  usually  takes  millions  of  years  for 
extinction  to  occur.  Death  also  occurs  to  communities. 
Lake  and  pond  communities  die  naturally  when  their  water 
basins  are  filled  with  soil  that  is  washed  from  hills  and 
mountains.  Many  wetland  communities  have  died  after 
they  have  been  drained  and  covered  with  houses,  high¬ 
ways,  and  shopping  centers.  Even  death  of  much  of  the 
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Direct  observation  is  one  of  the  biologist’s  methods 


largest  community,  the  biosphere,  is  not  out  of  the  ques¬ 
tion  if  a  nuclear  war  should  spread  deadly  radiation  over 
the  world. 

1—9  The  biologist’s  method:  direct  observa¬ 
tion  Many  biologists  perform  research  to  try  to  discover 
new  facts  about  life.  Their  methods  are  similar  to  the  meth¬ 
ods  of  scientists  in  other  fields.  One  method  of  research, 
used  more  often  by  biologists  than  by  other  scientists,  is  di¬ 
rect  observation.  For  example,  a  biologist  in  the  rain  forest 
of  the  Amazon  Valley  in  South  America  might  discover  a 
new  kind  of  bird.  Many  facts  about  that  bird  would  be  un¬ 
known.  What  does  it  eat?  What  kind  of  nest  does  it  build? 
What  is  the  average  number  of  eggs  that  are  laid  and  what 
percent  are  likely  to  hatch  and  grow  to  adulthood?  The 
only  way  for  such  questions  to  be  answered  is  for  the  re¬ 
searcher  to  directly  observe  the  birds  and  their  activities. 
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1—10  The  biologist’s  method:  the  experimental 
approach  The  other  method  of  research,  used  widely 
by  scientists  in  other  fields,  is  the  experimental  approach. 
In  this  method  biologists  use  experiments  to  solve  a  prob¬ 
lem.  They  may  also  use  this  method  to  confirm  the  findings 
of  other  scientists,  an  important  part  of  the  scientific 
process. 

For  example,  Soviet  biologists  claim  that  they  have  dis¬ 
covered  a  new  way  to  increase  the  size  and  yield  of  certain 
plants.  They  claim  that  water  with  dissolved  gases  re¬ 
moved,  called  degassed  water,  causes  better  plant  growth 
when  seeds  are  soaked  in  it  before  planting.  Their  report 
noted  that  cotton  plants  grown  from  such  seeds  yielded 
from  10  to  12  percent  more  cotton  than  plants  grown  by 
normal  methods.  After  reading  this  report,  another  scien¬ 
tist  may  wish  to  confirm  the  findings  of  the  Russians.  By 
following  the  basic  steps  of  the  experimental  method,  an¬ 
other  scientist  would  then  be  able  to  conduct  a  similar  ex¬ 
periment  to  prove  the  results. 

The  first  step  is  to  state  the  specific  problem  to  be  re¬ 
solved  by  the  experiment.  The  problem  might  be  stated  as 
follows:  What  would  be  the  effect  on  sugar  beets  if  the 
seeds  were  soaked  in  degassed  water  before  they  were 
planted? 

The  next  step  would  be  to  read  and  gather  all  available 
information  that  relates  to  solving  the  problem.  Sometimes 
this  involves  hours  of  library  research,  including  the  study 
of  journals  (jer'nalz),  which  are  specialized  magazines 
that  contain  research  reports.  These  reports  often  contain 
facts  necessary  for  their  research. 

Another  step  is  to  design  the  experiment,  that  is,  to  de¬ 
termine  the  procedure  that  will  be  followed  and  the  mate¬ 
rials  that  will  be  needed.  For  this  experiment  a  quantity  of 
degassed  water  will  have  to  be  produced.  Also,  a  length  of 
time  for  soaking  the  seeds  will  have  to  be  determined.  The 
researcher  must  also  include  a  control  (kan  trol')  in  the 
design  of  the  experiment.  This  will  allow  for  comparison 
with  the  normal  process.  As  a  control  for  this  experiment, 
sugar  beet  seeds  would  be  soaked  in  plain  water  and 
grown  under  the  same  conditions.  The  sugar  beets  grown 
from  seeds  soaked  in  degassed  water  would  be  the  experi¬ 
mental  beets.  Those  grown  from  seeds  soaked  in  plain  wa¬ 
ter  would  be  the  control  beets. 

The  next  step  is  to  perform  the  experiment,  treating  the 
experimental  and  control  seeds  exactly  alike  except  for  the 
water  in  which  they  are  soaked.  Also  during  the  experi¬ 
ment,  careful  notes  must  be  taken  regarding  observations 
of  the  experimental  and  control  plants. 


Scientific  journals  contain 
information  that  aids  the  biologist 
in  research. 
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1—11  Analysis  of  the  experiment  Let’s  now  leap 
forward  two  months  and  look  at  the  next  steps.  The  biolo¬ 
gist  must  have  some  characteristic  to  use  for  comparison. 
For  sugar  beets  it  might  be  the  average  weight  of  the  beet, 
or  it  could  be  the  average  sugar  content  of  the  beet.  In  ei¬ 
ther  case  the  results  must  be  carefully  measured  for  both 
the  experimentals  and  the  controls. 

The  final  step  in  the  experiment  is  to  measure  the  re¬ 
sults,  analyze  them,  and  draw  conclusions.  Perhaps  the 
weight  of  the  experimental  beets  averaged  40  percent 
heavier  than  the  control  beets.  Perhaps  the  average  sugar 
content  of  the  experimental  beets  was  1.5  percent  higher 
than  that  of  the  control  beets.  After  this  analysis  the  biolo¬ 
gist  could  conclude  that  in  this  one  experiment  degassed 
water  increased  the  average  weight  of  sugar  beets  by  12 
percent,  and  increased  the  sugar  content  by  an  average  of 
0.9  percent. 

1—12  Hypothesis ,  verification ,  and  theory 

Usually,  after  several  such  experiments  have  been  carried 
out,  the  biologist  forms  a  hypothesis  (hi  poth'o  sis).  The 
hypothesis  can  be  defined  as  a  temporary  explanation  of 
observed  or  experimental  results.  For  example,  after  per¬ 
forming  several  experiments  with  degassed  water,  a  biolo¬ 
gist  might  develop  the  following  hypothesis:  Seeds  soaked 
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in  degassed  water  before  planting  result  in  larger,  more 
productive  plants  than  do  seeds  that  are  soaked  in  ordinary 
water. 

At  this  time  the  biologist  would  probably  write  a  report 
of  the  experiment  that  would  include  the  method  of  exper¬ 
imentation,  the  results,  the  analysis,  and  the  hypothesis. 
Such  a  report,  called  a  paper  (pa'  par),  would  probably 
be  read  at  a  scientific  meeting  to  persons  who  do  the  same 
kind  of  research  and  be  published  in  a  journal  that  special¬ 
izes  in  similar  kinds  of  research. 

Often,  when  hearing  or  reading  an  interesting  research 
report,  a  biologist  may  repeat  the  same  experiment.  Others 
may  perform  the  experiment  in  different  ways.  Then  all 
the  new  experiments  are  analyzed  to  see  if  the  hypothesis 
can  be  supported,  or  if  it  is  wrong.  This  general  process  of 
repeating  research,  called  verification  (ver  o  fa 
ka'shsn),  often  requires  several  years  and  the  work  of 
many  experimenters.  For  this  reason,  scientific  knowledge 
is  more  dependable  than  any  other  kind  of  knowledge.  The 
scientific  process  must  be  tested,  or  verified,  over  and  over 
by  careful  scientists. 

After  much  support  by  verification,  the  hypothesis  grad¬ 
ually  fades  away.  It  is  replaced  by  a  theory  (the'or  e), 
which  is  knowledge  that  is  supported  by  a  large  amount  of 
verification  and  is  widely  accepted  by  scientists.  The  final 
step  is  the  change  from  theory  to  scientific  (si  on  tif'ik) 
fact.  The  scientific  fact  is  a  true  statement  that  can  always 
be  verified.  Certain  important  or  well-known  scientific 
facts  are  often  called  scientific  laws. 


SUMMARY 


Biology  is  the  study  of  life  and  life  processes.  There  are  three 
major  fields  of  biology:  botany,  zoology,  and  microbiology.  Bi¬ 
ologists  have  always  tried  to  understand  the  structure  and 
function  of  organisms.  This  has  led  to  the  development  of 
anatomy  and  physiology  as  specialized  fields  of  biology. 

Life  has  a  unique  organization.  It  is  organized  into  a  hier¬ 
archy  of  levels  of  organization,  beginning  with  the  atom, 
molecule,  organelle,  and  cell  and  increasing  in  complexity.  It 
is  possible  for  both  life  and  death  to  occur  at  many  different 
levels  of  organization. 

Biologists  do  research  by  direct  observation  and  by  the  ex¬ 
perimental  approach.  The  experimental  approach  involves 
basic  steps  that  are  followed.  The  results  are  always  analyzed, 
and  a  hypothesis  may  be  developed. 


REVIEW  QUESTIONS 


1.  Define  biology  and  explain  the  origin  of  the  term. 

2.  What  is  an  organism?  Give  an  example. 

3.  Explain  the  difference  between  botany,  zoology,  and  mi¬ 
crobiology. 

4.  How  does  anatomy  differ  from  physiology?  Do  both  sub¬ 
jects  apply  to  plants,  animals,  and  microorganisms? 

5.  Define  cell,  organelle ,  tissue,  organ,  and  system. 

6.  List  all  levels  of  organization  in  the  hierarchy  of  life  from 
the  cell  to  the  highest  level  of  organization. 

7.  Define  population  and  give  an  example. 

8.  What  is  the  difference  between  a  community  and  an 
ecosystem? 

9.  What  is  the  largest  community?  What  is  the  largest 
ecosystem? 

10.  Death  can  occur  at  which  of  the  levels  of  organization  in 
the  hierarchy  of  life? 

11.  What  is  ecology? 

12.  What  term  is  used  to  describe  the  death  of  a  population? 

13.  Explain  what  is  meant  by  the  direct  observation  method 
of  biological  research. 

14.  Name  and  describe  the  steps  involved  in  the  experimen¬ 
tal  approach  to  research. 

15.  Explain  how  verification  helps  guarantee  the  accuracy  of 
scientific  information. 


ANALYSIS  AND  APPLICATION 


1.  A  human  being  dies  in  an  auto  wreck,  but  the  dead  per¬ 
son’s  kidneys  and  corneas  (clear  covering  of  the  eyes)  are 
transplanted  into  other  persons,  where  they  continue  to 
function.  What  fact  about  the  organization  of  life  does  this 
illustrate? 

2.  Degassed  water  can  be  prepared  by  boiling  ordinary  tap 
water  for  about  15  min.  Seeds  can  be  caused  to  grow  (ger¬ 
minate)  by  laying  them  in  paper  towels  that  are  soaked 
with  degassed  water.  Later  they  can  be  transplanted  in 
soil.  Design  an  experiment  that  will  determine  if  degassed 
water  can  affect  one  or  more  characteristics  of  a  plant. 

3.  Suppose  a  person  wants  to  experiment  with  a  highly  ad¬ 
vertised  fuel  additive  that  is  supposed  to  increase  the  gaso¬ 
line  mileage  of  automobiles.  Suppose  that  person  added 
the  product  to  gasoline  in  the  tank,  then  drove  the  car  a 
certain  distance  and  checked  the  mileage.  Is  that  enough 
to  test  the  claims  of  the  advertising?  Explain. 


2  Cell 

Structure 


The  Cell  Theory 

2—1  Hooke’s  cells  Robert  Hooke  was  an  English  sci¬ 
entist.  He  made  several  important  discoveries  in  the  phys¬ 
ical  sciences.  But  Hooke  will  always  be  remembered  in 
biology  for  naming  something  that  he  did  not  see. 

Hooke  lived  in  the  1600s.  At  that  time  the  microscope 
was  just  beginning  to  be  used.  It  was  an  instrument  often 
used  by  hobbyists  who  liked  to  look  at  small  things  for  the 
fun  of  it.  However,  Hooke  made  careful  drawings  and 
wrote  descriptions  of  what  he  saw.  One  thing  he  observed 
was  cork,  which  he  described  as  being  full  of  holes  that 
looked  like  little  boxes.  These  “little  boxes”  reminded  him 
of  the  small  rooms  in  monasteries  where  monks  lived. 
Those  small  rooms  were  called  cells.  So  cells  is  the  name 
Hooke  gave  to  the  empty  “little  boxes”  in  the  cork. 

Cork  was  once  living  material  on  the  outside  of  a  tree. 
The  small  holes  were  once  living  cells.  But  by  tne  time 
Hooke  observed  the  cork,  the  cells  had  been  dead  for  a 
long  time.  Hooke  had  only  observed  the  holes  where  living 
cells  had  been. 

2-2  The  cell  theory  After  Hooke  many  other  scien¬ 
tists  began  to  use  the  microscope.  They  looked  at  thin 
slices  of  plants  and  animals.  Everywhere,  in  all  plants  and 
animals,  they  saw  small  objects  that  they  called  cells.  Other 
scientists  looked  in  samples  of  pond  water.  They  saw  the 
same  kinds  of  small  objects.  But  these  were  individual  or¬ 
ganisms  with  a  body  made  up  of  one  cell.  These  organisms 
were  called  unicellular  (yu  na  sel'  ya  tar)  organisms. 


Hooke  observed  that  cork  is 
made  up  of  empty  little  “boxes,” 
which  he  called  cells. 


A  unicellular  organism  performs 
all  life  functions. 
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Cells  seemed  to  be  the  basic  structural  units  for  all  forms 
of  life.  That  idea  was  stated  several  times  in  the  early 
1800s.  But  there  were  doubts  among  scientists.  Could 
every  living  thing  on  the  earth  be  made  up  of  cells?  More 
scientists  researched  this  question  and  concluded  that  all 
plants,  all  animals— all  organisms— are  made  up  of  individ¬ 
ual  units  called  cells.  This  idea  then  became  known  as  the 
cell  theory.  And  today  that  same  idea  is  known  as  the 
cell  theory,  even  though  it  is  no  longer  a  theory.  Today  we 
know  it  to  be  a  fact.  All  organisms  (with  exceptions  that 
will  be  discussed  later)  are  made  up  of  cells. 

2—3  Cell  products  If  all  the  cells  were  removed 
from  an  elephant’s  body,  would  there  be  anything  left? 
What  if  all  the  cells  were  removed  from  a  tree?  Would  any¬ 
thing  be  left?  The  answer  to  both  questions  is  yes.  If  the 
cells  were  removed  from  an  elephant  and  a  tree,  you  could 
still  recognize  both  organisms.  The  reason  is  that  most  or¬ 
ganisms  are  made  up  of  other  material  in  addition  to  cells. 

If  you  looked  at  an  elephant  hair  under  the  microscope, 
you  wouldn’t  see  any  cells.  If  you  looked  at  its  skin  and 
bones,  you  would  see  some  cells  and  a  good  deal  of  non¬ 
living  material.  The  same  can  be  said  of  a  tree.  You  might 
see  some  cells  in  the  woody  part  of  a  tree.  But  mostly  you 
would  see  nonliving  material. 

The  cell  theory  says  that  organisms  are  made  up  of  cells. 
But  that  statement  is  not  complete.  Most  organisms  also  are 
made  up  of  products  that  are  manufactured  by  cells.  Ele¬ 
phant  hair,  and  all  other  hair,  is  a  product  made  by  cells  in 
the  skin.  Nonliving  bone  material  is  produced  by  cells  in 
the  bone.  The  wood  in  a  tree  is  a  product  made  by  cells 
that  once  were  alive.  Thus  there  is  a  better,  more  complete 
statement  of  the  cell  theory:  All  organisms,  with  a  few  ex¬ 
ceptions,  are  made  up  of  cells.  Most  organisms  are  made 
up  of  cells  and  cell  products. 

2—4  Spontaneous  generation  Where  do  cells 
come  from?  Where  does  life  come  from?  For  many  years 
there  was  a  theory  about  life  that  was  accepted  by  some 
scientists.  This  theory  said  that  life  could  just  appear  out  of 
nonliving  material.  For  example,  dirty  clothes  could 
produce  rats  and  rotten  meat  could  produce  worms.  Mud 
puddles  could  produce  mosquitoes.  This  theory  was  called 
spontaneous  generation. 

Scientists  gradually  began  to  destroy  the  theory  of  spon¬ 
taneous  generation.  By  the  time  of  the  cell  theory,  experi¬ 
ments  had  proven  that  dirty  clothes,  rotten  meat,  and  mud 
puddles  do  not  produce  life.  Then  Louis  Pasteur,  a  French 


SCIENCE  TERMS 


unicellular  organisms 
cell  theory 

spontaneous  generation 
Virchow’s  principle 


Shown  are  the  original  flasks  with  which  Pasteur  disproved  the  concept  of 
spontaneous  generation. 


scientist,  performed  an  experiment  that  did  two  things.  It 
helped  put  an  end  to  spontaneous  generation  as  a  scientific 
theory.  It  also  helped  establish  a  theory  that  has  since  be¬ 
come  an  important  biological  fact:  Organisms  can  only 
come  from  other  organisms.  Life  can  only  come  from  life. 

2—5  Virchow’s  principle  The  cell  theory  says  that 
organisms  are  made  up  of  cells  and  cell  products.  A  Ger¬ 
man  scientist,  Rudolf  Virchow,  extended  the  cell  theory. 
He  explained  where  new  cells  come  from.  He  said  that 
they  come  from  other  cells.  His  statement,  “every  cell  from 
a  cell,”  became  known  as  Virchow’s  principle. 

Virchow’s  principle  opened  up  a  whole  new  way  of 
thinking  about  cells.  If  every  cell  has  come  from  another 
cell,  then  every  cell  now  alive  has  always  been  alive. 
Therefore  every  living  cell  has  been  immortal.  It  has  lived 
forever,  at  least  since  there  was  a  first  cell.  Life  in  cells, 
then,  is  like  a  flaming  torch  that  has  been  kept  burning  for 
millions  of  years. 


CHECK  YOUR  FACTS 

1.  What  did  Robert  Hooke  see  and  describe  in  cork? 

2.  What  is  a  unicellular  organism? 

3.  Is  the  cell  theory  still  a  theory?  Why? 

4.  What  are  cell  products? 

5.  What  are  organisms  made  up  of? 

6.  What  is  spontaneous  generation? 

7.  What  do  cells  come  from? 


General  Cell  Structure 


2-6  The  nucleus  By  the  early  1950s  cell  biologists 
had  acquired  knowledge  of  cells  by  studying  them  with 
the  light  microscope.  They  had  discovered  that  the  cell 
contains  specialized  structures  called  organelles. 

The  largest  cell  organelle  that  is  found  in  most  cells  is  the 
nucleus  (nii'kle  as).  In  some  cells,  such  as  those  that  line 
the  inside  of  your  cheek,  the  nucleus  is  easy  to  see.  But  for 
many  other  cells  the  nucleus  needs  to  be  stained  with  col¬ 
ored  dyes  before  it  becomes  visible. 

Most  of  the  nucleus  is  made  up  of  chromatin  (kro'ma 
tin),  which  is  a  compact  mass  of  very  small  fibers.  The  nu¬ 
cleus  also  contains  at  least  one  nucleolus  (nii  kle'a  las). 
This  is  a  small,  circular  body  within  the  nucleus  that  is 
darker  than  the  chromatin. 

Cells  reproduce  by  a  process  called  cell  division.  In 
the  first  stage  of  cell  division  the  chromatin  changes  struc¬ 
ture  and  forms  small  bodies  called  chromosomes 
(kro'ma  somz).  The  chromosomes  contain  the  hereditary 
material  that  determines  each  cell’s  characteristics.  During 
cell  division  equal  numbers  of  chromosomes  go  to  the  two 
cells,  called  daughter  cells,  that  result  from  the  division. 

2—7  The  cytoplasm  The  region  outside  the  nucleus 
is  called  the  cytoplasm  (sTta  plaz  am).  Through  the  light 
microscope  most  cytoplasm  looks  like  clear  gelatin  with 
various  organelles  suspended  in  it.  One  type  of  organelle  is 
the  vacuole  (vak'yti  61),  which  means  “empty  space.” 
Actually,  vacuoles  contain  water  and  other  substances. 

In  plant  cells  there  is  often  one  large  vacuole  that  almost 
fills  the  cell.  Plant  cells  also  may  have  vacuoles  containing 
different-colored  pigments.  Beets  and  some  kinds  of  cab¬ 
bage  have  red  pigment  in  their  cell  vacuoles.  The  bright 
colors  of  many  flowers  are  also  created  by  pigments  in  the 
vacuoles  of  the  flower  cells. 

Another  type  of  organelle  in  the  cytoplasm  of  plant  cells 
and  some  unicellular  organisms  is  called  a  plastid 
(plas'tid).  The  most  common  type  of  plastid  is  the  chloro- 
plast  (klor'a  plast).  The  chloroplast  is  green  from  a  pig¬ 
ment  it  contains  called  chlorophyll  (klor's  fil).  Green 
leaves  get  their  color  from  this  chlorophyll.  The  chloro¬ 
plast  and  chlorophyll  function  together  to  manufacture 
food. 

Other  kinds  of  plastids  store  food  and  oils.  Some  plastids 
contain  red,  orange,  or  yellow  pigments.  These  give  to¬ 
matoes,  oranges,  carrots,  and  many  other  fruits  and  vege¬ 
tables  their  color. 
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FIGURE  2- 1  A  diagram  of  a  typical  animal  cell 


2—8  The  plasma  membrane  The  cytoplasm  is  en¬ 
closed  within  a  very  thin  membrane  called  the  plasma 
membrane  (plaz'ma  mem'bran).  It  is  impossible  to  see 
any  details  in  the  plasma  membrane  with  the  light  micro¬ 
scope.  Cell  biologists  learned  about  the  plasma  mem¬ 
brane’s  main  characteristic  long  ago.  It  is  selectively  per¬ 
meable,  which  means  that  it  allows  some  things  to  pass 
through  it  but  not  others.  The  plasma  membrane  separates 
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the  cell  contents  from  the  outside  environment  of  the  cell. 
By  being  selectively  permeable,  the  cell  membrane  con¬ 
trols  much  of  what  enters  and  leaves  the  cell. 

2—9  The  cell  wall  Plant  cells  and  certain  unicellular 

organisms  have  a  thick  wall  outside  the  plasma  membrane. 

This  wall  is  called  a  cell  wall.  The  cell  wall  is  a  nonliving 

part  of  the  cell.  It  is  a  cell  product  that  is  produced  inside 

the  cell.  It  is  then  transported,  bit  by  bit,  to  the  outside 

where  it  forms  a  protective  covering  for  the  cell. 

FIGURE  2-2  ^  & 

A  diagram  of  a  typical  plant  cell 
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CELL  MEMBRANE 


The  cell  wall  gives  strength  to  certain  cells.  This  is  useful 
in  tall  plants  like  trees.  The  cell  wall  also  functions  like  the 
leather  that  surrounds  the  bladder  of  a  football  or  basket¬ 
ball.  Some  cells  tend  to  take  in  more  water  than  they  need. 
The  cell  wall  keeps  the  pressure  of  excess  water  from  de¬ 
stroying  the  cell.  Without  the  cell  wall,  the  cells  would 
swell  up,  change  shape,  and  burst  from  internal  pressure. 

2—10  Exceptions  to  the  cell  theory  At  the  begin¬ 
ning  of  the  chapter  we  said  that  there  were  some  excep¬ 
tions  to  the  cell  theory.  Black  bread  mold  is  one  exception. 
It  is  made  up  of  long  tubes  of  cytoplasm  with  several  nu¬ 
clei.  The  tubes  are  enclosed  within  a  plasma  membrane 
and  cell  wall,  but  there  are  no  distinct  cells. 

Another  possible  exception  is  found  in  certain  unicellu¬ 
lar  organisms  having  very  complex  bodies.  They  have  two 
kinds  of  nuclei,  a  mouth,  and  several  other  specialized 
structures.  Can  organisms  with  such  a  complex  body  still 
be  considered  to  be  unicellular?  This  question  is  debatable 
among  biologists. 
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CHECK  YOUR  FACTS 


1.  What  is  an  organelle? 

2.  What  is  a  nucleolus? 

3.  What  are  chromosomes? 

4.  What  is  the  cytoplasm? 

5.  What  is  a  vacuole? 

6.  What  is  the  difference  between  a  plastid  and  a  chloroplast? 

7.  What  is  meant  by  the  plasma  membrane  being  selectively 
permeable? 

8.  Name  two  functions  of  the  cell  wall. 

9.  Why  is  black  bread  mold  an  exception  to  the  cell  theory? 


A  Modern  View  of  Cells 

2—11  Cells  and  the  electron  microscope  The 

electron  microscope  was  invented  in  the  1930s  but  did  not 
become  widely  used  until  the  mid-1950s.  At  first,  cell  biol¬ 
ogists  saw  cells  magnified  10  000  to  15  000  times.  Newer 
electron  microscopes  followed  along,  with  better  tech¬ 
niques  for  using  them.  Cells  were  seen  magnified  50  000 
times,  then  90  000  times,  then  over  200  000  times!  The 
cytoplasm  no  longer  looks  like  clear  gelatin  with  “things” 
suspended  in  it.  The  cytoplasm  has  a  complex  structure 
never  dreamed  of  when  it  was  being  studied  with  the  light 
microscope. 


The  endoplasmic  reticulum  is  a  network  of  membranes  that  transports 
materials  within  cells. 


2—12  The  endoplasmic  reticulum  The  discov¬ 
ery  that  the  cytoplasm  is  full  of  membranes  was  one  of  the 
major  surprises  seen  with  the  electron  microscope.  These 
membranes  are  interconnected  and  form  a  system  called 
the  endoplasmic  reticulum  (en  do  plaz'mik  ri  tik'ya 
lam),  abbreviated  ER. 

The  membranes  of  the  ER  have  two  layers.  The  space 
between  the  layers  is  like  a  system  of  canals.  Materials  are 
moved  throughout  the  cell  inside  the  ER.  It  was  also  dis¬ 
covered  that  the  ER  is  continuous,  with  a  double-layered 
membrane  surrounding  the  nucleus.  It  is  believed  that  ma¬ 
terials  can  move  back  and  forth,  from  the  nucleus  to  the 
outside  of  the  cell,  through  the  ER. 

In  most  cells  the  outside  layers  of  the  ER  are  covered 
with  small,  round  organelles  called  ribosomes  (rl'ba 
somz).  The  ribosomes  help  manufacture  proteins  that  are 
very  important  in  the  cell.  Cells  that  manufacture  many 
proteins  have  so  many  ribosomes  that  the  ER  has  a  rough 
appearance  and  is  called  rough  ER.  Other  cells  that  manu¬ 
facture  few  or  no  proteins  do  not  have  ribosomes  lining 
the  outside  of  the  ER.  The  ER  of  such  cells  is  called  smooth 
ER. 

Also  in  the  cytoplasm  is  a  group  of  membranes  that  look 
like  a  stack  of  flattened  balloons.  These  membranes  make 
up  the  Golgi  apparatus  (gol'je  ap  9  ra'tas),  which  is 
thought  to  be  a  specialized  part  of  the  ER. 
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The  Golgi  apparatus  packages 
and  transports  materials  to  be 
secreted  to  the  exterior  of  the 
cell. 


The  Golgi  apparatus  is  the  main  part  of  a  cell’s  “export¬ 
ing  machinery.”  Products  for  export  move  through  the  ER 
into  the  “flattened  balloons,”  which  serve  as  containers. 
Inside  the  containers  the  cell  products  are  changed  in  vari¬ 
ous  ways  and  made  ready  for  export.  Then  the  containers 
break  off  and  form  vacuoles  that  move  through  the  cyto¬ 
plasm.  The  vacuoles  move  to  the  plasma  membrane  and 
are  released  by  the  process  of  exocytosis  (ek  so  si  to'sis). 

2—13  Mitochondria  Scattered  throughout  the  cyto¬ 
plasm  are  tiny  organelles  called  mitochondria  (ml  ta 
kon'dre  a).  They  were  first  seen  through  the  light  micro¬ 
scope  as  tiny  particles  “bouncing”  around  in  the  cyto¬ 
plasm.  Now,  with  the  electron  microscope,  we  see  that 
they  are  shaped  like  sausages  and  jelly  beans. 

A  cross-sectional  view  of  a  mitochondrion  shows  that  it 
has  two  membranes.  The  inner  membrane  has  folds  called 
cristae  (kris'te)  that  form  partial  cross-walls  inside  the 
mitochondrion. 


A  mitochondrion  is  enclosed  in 
two  membranes.  Mitochondria 
are  the  centers  of  cellular 
respiration. 
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The  mitochondrion  is  called  the  “powerhouse”  of  the 
cell  because  it  changes  digested  food  into  energy.  This 
energy  does  most  of  the  work  in  cells,  and  for  the  whole 
organism.  Cells  that  perform  great  amounts  of  work,  such 
as  the  flight-muscle  cells  of  hummingbirds,  are  packed  full 
of  mitochondria.  Cells  that  do  little  work  have  a  much 
smaller  number  of  mitochondria. 

2— 14  Chloroplasts  Chloroplasts  were  easily  seen 
through  the  light  microscope.  However,  the  electron 
microscope  shows  that  they  have  a  very  complex  inner 
structure. 

Throughout  the  chloroplast  there  are  groups  of  mem¬ 
branes  that  look  like  stacks  of  pancakes.  These  stacks  are 
called  grana  (gra'na).  The  grana  provide  a  large  surface 
area  for  sunlight  to  strike  and  be  absorbed.  The  green 
chlorophyll  that  is  in  the  grana  helps  change  sunlight  into 
chemical  energy.  This  chemical  energy  is  then  used  to 
manufacture  food. 


Chloroplasts  have  a  double-membrane  system.  The  stacked  membranous 
discs,  or  grana,  are  interconnected  by  tubules. 


2—15  Lysosomes  Scattered  throughout  the  cytoplasm 
are  small  organelles  called  lysosomes  (ll'sa  somz).  The 
lysosomes  contain  chemicals  that  digest,  or  break  down, 
small  particles  of  food  that  enter  the  cell.  The  lysosomes 
also  digest  worn  out  parts  of  the  cell,  so  the  raw  materials 
can  be  used  again.  Thus  lysosomes  are  both  the  cell’s  di¬ 
gestive  system  and  its  recycling  center. 


Lysosomes  act  as  the  disposal  units  of  the  cytoplasm.  They  are  essential 
to  the  internal  maintenance  of  the  cell. 


The  chemicals  in  the  lysosomes  also  can  digest  the  cell  it¬ 
self  if  the  membranes  of  the  lysosome  are  broken.  For  this 
reason  the  lysosome  is  also  called  a  “suicide  bag.’’ 

2—16  Microtubules  A  big  surprise  revealed  by  the 
electron  microscope  was  that  most  cells  have  a  cyto- 
skeleton  (si  ts  skel'a  tan).  This  is  a  structure  that  gives 
strength  to  the  cell  body  and  helps  maintain  its  shape. 

The  units  of  the  cytoskeleton  are  called  microtubules 
(ml  kro  tu'byiilz).  They  are  long,  thin,  hollow  tubes.  They 
function  like  braces  and  beams  that  give  strength  and 
shape  to  a  building. 

Microtubules  also  function  in  cell  movement.  They  help 
move  the  chromosomes  during  cell  division.  They  also 
form  parallel  bundles  in  hairlike  extensions  of  the  cell. 
These  hairlike  extensions  are  common  in  unicellular 
organisms.  They  are  called  cilia  (sil'e  o)  or  flagella 
(fta  jel'b)  and  they  whip  back  and  forth,  propelling  the  or¬ 
ganism. 

2-17  Centrioles  Most  animal  cells  and  some  plant 
cells  have  two  rod-shaped  structures  called  centrioles 
(sen'tre  olz).  They  are  made  of  microtubules  arranged  like 
a  stack  of  soda  straws.  The  centrioles  are  arranged  so  that 
one  of  them  is  always  perpendicular  to  the  other. 
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The  centriole  is  made  up  of  nine 
parallel  triplets  of  microtubules. 


The  centrioles  lie  close  to  the  nucleus.  They  probably 
function  only  during  cell  division.  During  cell  division 
they  make  up  part  of  the  machinery  that  divides  the 
chromosomes  between  the  two  daughter  cells. 

2—18  The  structure  of  the  plasma  mem¬ 
brane  With  the  electron  microscope  the  plasma  mem¬ 
brane  appears  as  a  three-layered  membrane.  The  outer  and 
inner  layers  are  darker  and  are  composed  of  protein  mate¬ 
rial.  In  between  the  protein  layers,  like  meat  in  a  sand¬ 
wich,  is  a  layer  of  fatty  material.  Actually  there  are  two 
layers  of  the  fatty  material,  but  they  appear  as  one. 

Another  discovery  was  that  the  plasma  membrane  is  not 
smooth,  as  it  appears  to  be  under  the  light  microscope. 
Some  plasma  membranes  have  many  small,  fingerlike  pro¬ 
jections  called  microvilli  (ml  kro  vil'T).  Microvilli  are 
common  in  cells  that  are  actively  absorbing  materials.  The 
microvilli  greatly  increase  the  surface  area  through  which 
materials  are  absorbed. 


The  plasma  membrane  is  a  triple¬ 
layered  structure:  two  electron- 
dense  lines  separated  by  a  lightly 
stained  space. 
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From  TISSUES  AND  ORGANS:  A  TEXT-ATLAS  OF  SCANNING  ELECTRON 
MICROSCOPY  by  Richard  G  Kessel  and  Randy  H  Kardon.  W.H.  Freeman 
and  Company.  Copyright  c>  1979 


Microvilli  increase  the  cell  membrane  surface  area  and  the  absorptive 
capability  of  cells. 


Other  extensions  of  the  plasma  membrane  form  tiny  vac¬ 
uoles.  These  vacuoles  form  around  droplets  of  liquid  or 
small  solid  particles.  As  the  vacuole  closes  it  may  break  off 
the  plasma  membrane  and  move  into  the  interior  of  the 
cell.  This  process  is  the  reverse  of  exocytosis,  which  is  an 
exporting  process.  But  two  different  terms  are  used  to  de¬ 
scribe  the  processes  of  taking  materials  into  the  cell.  When 
liquids  are  taken  into  the  cell,  the  process  is  called  pi- 
nocytosis  (pi  no  si  to'sis),  which  means  “cell  drinking.” 
When  solid  material  is  taken  into  the  cell,  the  process  is 
called  phagocytosis  (fag  9  sT  to'sis),  which  means  “cell 
eating.”  Usually  much  larger  vacuoles  are  formed  during 
phagocytosis. 

2—19  Another  type  of  cell  There  are  two  general 
types  of  cells  found  in  nature.  Most  of  them  are  of  the  type 
that  we  have  been  describing.  These  are  called  eu- 
caryotic  (yii'kar  e  o  tik)  cells.  This  name  means  “cells 
with  a  true  nucleus.” 

The  second  type  of  cell  has  a  much  simpler  structure.  It 
is  called  a  procaryotic  (pro'kar  e  o  tik)  cell.  This  name 
means  “before  the  nucleus.”  Procaryotic  cells  have  no  sep¬ 
arate  nucleus  and  cytoplasm.  The  nuclear  material  that 
controls  the  heredity  of  eucaryotic  cells  is  scattered 
throughout  the  interior  of  procaryotic  cells. 

Procaryotic  cells  have  no  membrane-enclosed  organ¬ 
elles.  For  example,  they  have  no  mitochondria,  chloro- 
plasts,  Golgi  bodies,  centrioles,  or  endoplasmic  reticulum. 
The  procaryotic  cell  does  have  ribosomes,  which  help 
make  proteins,  but  they  are  scattered  throughout  the  cell. 
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Bacteria  and  blue-green  algae  consist  of  procaryotic  cells. 
Procaryotic  cells  lack  a  nucleus. 


Only  two  groups  of  organisms  have  procaryotic  cells. 
One  group  includes  all  the  bacteria,  which  are  unicellular 
organisms.  The  other  group  includes  all  the  blue-green  al¬ 
gae.  The  blue-green  algae  have  chlorophyll,  which  they 
use  to  manufacture  food.  Together,  the  bacteria  and  blue- 
green  algae  are  placed  in  the  kingdom  Monera  and  are 
called  monerans. 


CHECK  YOUR  FACTS 


1.  When  did  the  electron  microscope  become  widely  used 
to  study  cells? 

2.  What  is  the  structure  and  function  of  the  ER? 

3.  What  is  the  difference  between  rough  ER  and  smooth 
ER? 

4.  What  is  the  structure  and  function  of  the  Golgi  appa¬ 
ratus? 

5.  What  is  exocytosis? 

6.  What  is  the  structure  and  function  of  a  mitochondrion? 

7.  What  are  grana? 

8.  Name  two  functions  of  the  lysosome. 

9.  Describe  the  cytoskeleton. 

10.  Whep  do  centrioles  function? 

11.  Describe  the  structure  of  the  plasma  membrane. 

12.  What  kinds  of  cells  would  have  many  microvilli? 

13.  What  is  the  difference  between  exocytosis,  pinocytosis, 
and  phagocytosis? 

14.  How  do  procaryotic  cells  differ  from  eucaryotic  cells? 

15.  What  are  monerans? 
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SUMMARY 

In  the  1600s  the  English  scientist  Robert  Hooke  first  de¬ 
scribed  the  unit  of  living  organisms,  which  he  called  the  cell. 
Later  work  led  to  the  cell  theory,  which  states  that  all  organ¬ 
isms,  with  some  exceptions,  are  composed  of  cells  and  cell 
products.  Another  idea— that  life  could  spring  from  nonlife— 
was  finally  proved  false  by  the  French  scientist  Louis  Pasteur. 
The  question  of  where  cells  originate  was  finally  settled  by 
the  acceptance  of  Virchow’s  principle.  This  states  that  every 
cell  comes  from  another  cell. 

There  are  many  specialized  structures  in  the  cell  and  these 
are  called  organelles.  The  largest  organelle  is  the  nucleus.  The 
region  outside  the  nucleus  is  called  the  cytoplasm. 


REVIEW  QUESTIONS 

1.  What  parts  of  a  cell  can  be  seen  with  the  light  micro¬ 
scope? 

2.  What  cell  organelles  are  called  the  “powerhouses”? 

3.  Name  two  structures  produced  by  plant  cells  but  not  by 
animal  cells. 

4.  What  structure  is  much  more  common  in  animal  cells 
than  in  plant  cells? 

5.  A  cell  that  manufactures  lots  of  proteins  is  sure  to  have 
many  of  what  organelle? 

6.  What  structures  are  likely  to  be  found  along  the  plasma 
membrane  of  cells  that  absorb  food  from  the  small  in¬ 
testine? 

7.  What  is  the  difference  between  a  moneran  and  all  other 
organisms? 

8.  Microtubules  are  the  structural  units  that  make  up  what 
organelles? 

9.  What  organelles  would  be  plentiful  in  cells  that  are  ac¬ 
tively  engaged  in  phagocytosis? 

10.  What  is  one  likely  characteristic  of  cells  that  do  not  have 
a  Golgi  apparatus? 


ANALYSIS  AND  APPLICATION 

1.  A  researcher  spun  cell  fragments  in  a  centrifuge,  which 
caused  them  to  separate  into  layers.  It  was  discovered  that 
one  of  the  layers  consisted  of  bodies  with  digestive  en¬ 
zymes.  This  was  how  one  organelle  was  discovered  before 
it  was  actually  seen  in  the  electron  microscope.  What  or¬ 
ganelle  would  that  have  been? 

2.  Many  cells  in  plants  do  not  have  chloroplasts.  Where 
would  those  cells  most  likely  be  located? 


Molecules 


What  Are  Molecules? 

3—1  Molecules  make  up  living  matter  Can  you 

imagine  what  a  cell  organelle  would  look  like  if  it  were 
magnified  5  million  times?  Suppose,  for  example,  that  an 
organelle  like  the  chloroplast  could  be  made  as  large  as  a 
football  and  you  could  hold  it  in  your  hand.  What  would 
you  see  when  you  observed  this  organelle?  You  would  see 
molecules.  Molecules  are  the  subunits  that  make  up  or¬ 
ganelles.  Molecules  are  the  building  blocks  that  make  up 
all  living  matter. 

3—2  Molecules  are  made  up  of  subunits  Now 

imagine  a  molecule  from  an  organelle  enlarged  several  mil¬ 
lion  times.  What  would  you  see  now?  You  would  see 
atoms,  which  are  the  subunits  that  make  up  all  mole¬ 
cules.  Atoms  are  the  basic  building  blocks  of  all  matter. 

3—3  The  simplest  atom  Only  92  different  kinds  of 
atoms  have  been  found  throughout  the  universe.  (Another 
1 1  have  been  created  in  minute  quantities  in  the  labora¬ 
tory.)  The  simplest  atom  is  the  hydrogen  atom.  The  central 
part  of  the  hydrogen  atom,  called  the  nucleus,  has  just 
one  particle.  This  particle  is  called  a  proton  (pro'ton). 
The  proton  is  a  particle  with  a  positive  electrical  charge. 

Another  particle,  called  an  electron  (i  lek'tron),  is  in 
orbit  around  the  hydrogen  nucleus.  The  electron  has  a 
negative  electrical  charge.  With  1  electron  and  1  proton, 
the  electrical  charges  are  balanced.  Thus  the  hydrogen 
atom  itself  has  no  electrical  charge.  It  is  said  to  be  neutral. 
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HYDROGEN 


HELIUM 


FIGURE  3-1  Diagrams  of  the  hydrogen  atom  and  the  helium  atom 


3—4  Atomic  number  and  elements  Each  of  the 
92  different  kinds  of  atoms  has  been  given  a  number  based 
on  the  number  of  protons  in  its  nucleus.  This  number  is 
different  for  each  kind  of  atom  and  it  is  called  the  atomic 
(d  tom'ik)  number.  Hydrogen  has  1  proton  in  its  nucleus. 
Therefore  its  atomic  number  is  1 . 

A  substance  made  up  entirely  of  atoms  with  the  same 
atomic  number  is  an  element  (el's  msnt).  Hydrogen  gas 
is  an  example  of  an  element. 

3—5  More  particles  We  have  said  that  there  are  92 
basic  kinds  of  atoms  in  the  universe  and  that  each  kind  has 
a  different  atomic  number.  They  are  the  building  blocks 
that  make  up  92  different  elements.  However,  only  four 
elements  make  up  about  97  percent  of  all  living  matter.  Hy¬ 
drogen  is  one  of  the  elements.  The  other  three  are  carbon, 
nitrogen,  and  oxygen. 

The  carbon  atom  has  an  atomic  number  of  6.  It  has  6 
protons  in  its  nucleus  and  6  electrons  in  orbit.  However, 
the  carbon  atom  has  an  additional  kind  of  particle.  In  the 
carbon  nucleus  there  are  also  six  particles  called  neu¬ 
trons  (nu'trons).  Neutrons  are  particles  which  have  no 
electrical  charge. 

The  nitrogen  atom  has  the  atomic  number  of  7.  It  has  7 
protons,  7  electrons,  and  7  neutrons.  Oxygen  has  the 
atomic  number  of  8  and  has  8  protons,  8  electrons,  and  8 
neutrons.  What  particles  would  you  expect  in  an  atom 
with  an  atomic  number  of  15? 

Phosphorous  is  the  next  most  abundant  element  in  liv¬ 
ing  matter.  The  phosphorous  atom  has  an  atomic  number 
of  15.  It  has  15  protons  and  15  electrons.  But  it  has  16  neu¬ 
trons  in  its  nucleus. 


CARBON  NITROGEN 

FIGURE  3-2  The  carbon,  nitrogen,  and  oxygen  atoms 


From  the  atomic  number  we  can  determine  the  number 
of  protons  and  electrons  in  an  atom  but  not  the  number  of 
neutrons.  In  other  words,  the  number  of  neutrons  does  not 
always  equal  the  number  of  protons.  To  determine  the 
number  of  neutrons  in  an  atom  we  also  must  know  its 
mass  number.  The  mass  number  is  the  total  number  of 
protons  and  neutrons  in  the  nucleus.  The  mass  number  of 
phosphorous  is  31.  By  subtracting  the  atomic  number 
(number  of  protons)  from  the  mass  number,  we  can 
determine  that  the  element  phosphorous  has  16  neutrons 
(31  -15  =  16). 

3—6  Isotopes  Earlier  we  described  the  hydrogen 
atom  and  said  that  it  has  1  proton  and  1  electron.  Actually 
this,  describes  99-98  percent  of  the  hydrogen  atoms  found 
in  nature.  The  remaining  0.02  percent  (2  out  of  every 

10  000)  also  has  1  neutron  in  the  nucleus.  Thus  the  mass 
number  of  ordinary  hydrogen— the  most  common  form— is 
1.  The  mass  number  for  the  other,  less  common  form, 
called  deuterium,  is  2.  Such  atoms,  having  the  same  atomic 
number  but  different  mass  numbers,  are  called  isotopes 
(I'sa  topz).  The  symbol  for  the  isotope  of  ordinary  hydro¬ 
gen  is  1H.  The  symbol  for  deuterium  is  2H. 

3—7  Neutral  atoms  and  ions  An  atom  having  the 
same  number  of  protons  and  electrons  has  no  electrical 
charge  and  is  called  a  neutral  atom.  However,  there  are 
many  atoms,  or  groups  of  atoms,  that  are  not  neutral.  They 
are  called  ions  (Tons). 

An  example  is  the  sodium  ion  that  is  found  in  your 
blood.  The  sodium  ion  has  the  atomic  number  of  1 1.  It  has 

11  protons  in  its  nucleus.  However,  the  sodium  ion  has 


OXYGEN 


FIGURE  3-3 

Deuterium  has  one  proton  and 
one  neutron  in  its  nucleus. 


DEUTERIUM 
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CHLORIDE  ION 


SODIUM  ION 

FIGURE  3-4  Diagrams  of  sodium  and  chlorine  ions 
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lost  1  of  its  electrons.  It  only  has  10  electrons  orbiting  the 
nucleus.  Therefore  the  sodium  ion  has  one  more  positive 
charge  than  negative  charge,  which  gives  the  atom  a  net 
positive  charge.  The  symbol  for  the  sodium  ion  is  Na+. 

Chlorine  ions  are  also  in  your  blood.  (Chemists  call 
them  chloride  ions,  but  they  are  really  atoms  of  chlorine.) 
The  atomic  number  of  chlorine  is  17.  However,  the  chlo¬ 
rine  ion  has  gained  an  extra  electron.  There  are  18  elec¬ 
trons  orbiting  a  nucleus  with  17  protons.  This  gives  the 
chlorine  ion  one  more  negative  charge,  which  causes 
the  whole  ion  to  have  a  negative  charge.  The  symbol  for 
the  chlorine  ion  is  Cl-. 

3— 8  Bonds  and  molecules  Atoms  seldom  exist 
alone  in  nature.  Usually  atoms  are  linked  to  other  atoms  by 
an  attractive  force  called  a  chemical  (kem'D  ksl)  bond, 
often  described  more  simply  as  a  bond. 

There  are  three  basic  types  of  bonds  in  living  matter, 
two  of  which  will  be  discussed  here.  One  type  is  the  ionic 
(I  on'ik)  bond.  This  bond  is  formed  by  the  attraction  be¬ 
tween  ions  with  unlike  charges.  An  example  is  the  attrac¬ 
tion  between  a  sodium  ion  (Na+)  and  a  chlorine  ion  (Cl-). 
Under  certain  conditions  sodium  and  chlorine  ions  will 
bond  to  form  a  completely  new  substance  called  sodium 
chloride,  or  table  salt. 

A  second  type  of  bond  results  when  two  atoms  collide 
and  one  or  more  of  their  electrons  end  up  orbiting  both 
nuclei.  With  this  kind  of  bonding  there  is  an  actual  sharing 
of  electrons  between  two  atoms.  This  sharing  arrangement 
results  in  a  very  strong  bond  called  a  covalent 
(kb  va'bnt)  bond. 


When  two  or  more  atoms  are  linked  together  by  a  chem¬ 
ical  bond,  the  resulting  matter  is  called  a  molecule.  Some 
molecules  are  formed  out  of  two  atoms  that  are  exactly 
alike.  Examples  are  hydrogen  and  oxygen  molecules.  Each 
hydrogen  molecule  consists  of  two  hydrogen  atoms  linked 
together  by  a  covalent  bond.  Two  oxygen  atoms  make  up 
each  molecule  of  oxygen.  The  molecular  formula  for  a 
molecule  uses  the  symbol  for  the  atom  and  a  subscript 
number  telling  how  many  atoms  are  linked  together.  For 
example,  the  molecular  formula  for  the  hydrogen  mole¬ 
cule  is  H2  and  for  the  oxygen  molecule  is  02. 

Other  kinds  of  molecules  result  from  the  bonding  of  two 
or  more  different  kinds  of  atoms.  Such  a  molecule  is  a 
chemical  compound,  or  simply  compound,  which 
has  characteristics  that  are  totally  different  from  those  of 
any  of  the  atoms  it  contains.  An  example  is  the  compound 
called  water.  Water  is  made  up  of  two  atoms  of  hydrogen 
linked  by  covalent  bonds  to  one  atom  of  oxygen  (H20). 
Hydrogen  is  a  very  light,  invisible,  explosive  gas.  Oxygen 
also  is  an  invisible  gas.  Water,  of  course,  is  a  liquid  that  is 
completely  unlike  either  hydrogen  or  oxygen. 


FIGURE  3-5 

A  hydrogen  molecule  is  made  up 
of  two  atoms  of  hydrogen.  A 
water  molecule  is  made  up  of 
two  atoms  of  hydrogen  and  one 
atom  of  oxygen. 


CHECK  YOUR  FACTS 


1.  How  are  molecules  related  to  atoms? 

2.  What  are  the  four  most  common  elements  that  make  up 
living  matter? 

3.  Water  (H20)  is  not  an  element.  Why? 

4.  The  element  silver  has  an  atomic  mass  of  107.  Its  atomic 
number  is  47.  How  many  electrons  and  neutrons  are  in  an 
atom  of  silver? 

5.  What  are  isotopes? 

6.  What  is  an  ion? 

7.  Give  an  example  of  an  ion  that  is  found  in  the  human 
body.  Where  is  it  found? 

8.  Name  a  strong  chemical  bond  where  electrons  are  shared 
by  atoms. 

9.  Which  of  the  following  are  compounds?  Which  are  mole¬ 
cules?  (C02,  h2,  o2,  CH3) 


Water 

3—9  The  most  abundant  molecule  The  most 
abundant  molecule  in  all  organisms  is  water.  About  two 
thirds  of  the  human  body  is  water.  The  bodies  of  jellyfish, 
which  live  in  the  ocean,  may  be  as  much  as  95  percent 
water. 
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FIGURE  3-6 

The  water  molecule  showing  the 
four-cornered  distribution  of 
positive  and  negative  charges. 
Each  water  molecule  can  form 
hydrogen  bonds  with  four  other 
water  molecules. 


While  many  organisms  live  within 
the  water,  the  water  strider 
actually  lives  on  the  surface.  It  is 
supported  by  surface  tension 
resulting  from  cohesive  forces. 
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Why  do  organisms  have  so  much  water  in  their  bodies? 
An  understanding  of  the  structure  and  behavior  of  the  wa¬ 
ter  molecule  will  help  explain  its  importance  in  organisms. 

3—10  Water  is  a  polar  molecule  Note  the  dia¬ 
gram  of  the  water  molecule  in  Figure  3-6.  All  water  mole¬ 
cules  have  this  same  triangular  shape.  Note  in  the  diagram 
the  relative  size  of  the  oxygen  nucleus  (with  8  protons)  as 
compared  with  the  hydrogen  nuclei  of  1  proton  each. 

The  bonds  that  hold  the  water  molecule  together  are 
covalent  bonds.  This  means  that  the  two  hydrogen’s  elec¬ 
trons  spend  part  of  their  time  orbiting  the  oxygen  nucleus. 
Also,  two  of  oxygen’s  electrons  are  orbiting  the  hydrogen 
nuclei.  But  because  of  the  greater  size  and  pulling  power 
of  the  bigger  oxygen  nucleus,  the  electrons  spend  more 
time  orbiting  the  oxygen  nucleus.  This  results  in  an  imbal¬ 
ance  in  electrical  charge  over  the  whole  molecule.  The 
oxygen  end  of  the  molecule  has  a  slight  negative  charge 
because  the  electrons  spend  more  time  there.  The  hydro¬ 
gen  end  of  the  molecule  has  2  protons  that  are  bare  some 
of  the  time.  This  causes  the  hydrogen  end  of  the  molecule 
to  have  a  slight  positive  charge.  The  result  is  that  the  water 
molecule  has  two  poles,  one  negative  and  the  other  positive. 
Therefore,  water  is  called  a  polar  (po'tar)  molecule. 

3—11  Cohesion  and  hydrogen  bonding  The  po¬ 
lar  nature  of  the  water  molecule  causes  each  molecule  to 
behave  like  a  little  magnet.  When  two  water  molecules  are 
close  together,  they  are  attracted  to  each  other.  And,  like 
two  magnets,  each  with  a  north  and  south  pole,  the  water 
molecules  are  attracted  at  the  poles  with  unlike  charges. 
The  negative  end  of  one  water  molecule  attracts  the  posi¬ 
tive  end  of  another  water  molecule.  This  attraction  of  like 
molecules  to  each  other  is  called  cohesion  (ko  he'zhan). 


The  attraction  of  water  molecules  to  each  other  is  an  ex¬ 
ample  of  a  third  type  of  chemical  bond,  called  a  hydro¬ 
gen  (hl'drs  pn)  bond.  The  hydrogen  bond  is  much 
weaker  than  the  ionic  and  covalent  bonds.  Hydrogen 
bonds  are  easily  broken  and  re-formed.  In  water  they  are 
constantly  being  broken  and  re-formed.  Hydrogen  bonds 
in  other  molecules,  which  will  be  discussed  later,  are  more 
stable  and  are  of  extreme  biological  importance. 


3—12  The  universal  solvent  and  dispersal  me¬ 
dium  Many  other  molecules  have  polar  regions  with 
unequal  charges.  Sugar  is  an  example.  Sugar  and  most 
other  polar  molecules  are  much  larger  than  the  water 
molecule.  But  when  a  molecule  such  as  sugar  is  placed  in 
water,  hydrogen  bonds  are  immediately  formed  with  water 
molecules.  The  water  molecules  then  behave  like  a  giant 
fleet  of  tugboats.  They  attach  to  the  larger  molecule,  and 
because  they  are  in  constant  motion,  they  spread  or  dis¬ 
perse  the  larger  sugar  molecules  evenly  throughout  the 
liquid.  This  process  creates  a  sugar-water  solution 
(sa  lii'shsn),  which  means  that  the  sugar  molecules  are  dis¬ 
persed  evenly  throughout  the  liquid. 

A  substance  like  water  that  can  disperse  other  sub¬ 
stances  and  create  solutions  is  called  a  solvent  (sol'vsnt). 
(The  substance  being  dissolved  is  called  the  solute.)  Be¬ 
cause  of  the  polar  nature  of  the  water  molecules  and  the 
abundance  of  water  on  earth,  water  solutions  are  both 
common  and  very  important.  For  this  reason,  water  is 
often  called  the  universal  solvent. 

The  role  of  water  as  a  solvent  is  very  important  in  organ¬ 
isms.  However,  in  organisms,  water  is  more  accurately  de¬ 
scribed  as  a  dispersal  (dis  per'ssl)  medium,  which  has 
a  broader  meaning.  Because  of  its  ability  to  form  hydrogen 
bonds,  water  acts  like  a  fleet  of  tugboats  and  helps  disperse 
polar  molecules  in  cells  and  in  body  fluids,  such  as  blood. 

But  water  also  disperses  molecules  that  are  not  polar  and 
do  not  form  hydrogen  bonds  with  it.  To  imagine  how  this 
is  done,  think  of  ten  rafts  being  placed  in  the  middle  of  a 
large  river.  Soon  the  rafts  will  be  dispersed  by  the  current 
of  the  river.  In  organisms,  water  disperses  both  polar  and 
nonpolar  molecules  in  the  same  way— by  the  force  of  mov¬ 
ing  water  in  a  current.  Such  currents  are  found  in  moving 
fluids  in  organisms,  such  as  sap  in  plants  and  blood  in  ani¬ 
mals.  And  a  close  look  at  the  cell  cytoplasm,  which  is 
mostly  water,  reveals  currents  that  on  a  smaller  scale  are  as 
powerful  as  a  river.  So  water  functions  as  the  dispersal  me¬ 
dium  in  organisms  because  of  its  solvent  ability  and  be¬ 
cause  of  the  physical  force  of  its  current. 
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CHECK  YOUR  FACTS 


1.  Describe  the  type  of  bonds  that  hold  the  water  molecule 
together? 

2.  Are  electrons  shared  equally  between  the  oxygen  and  hy¬ 
drogen  atoms  of  a  water  molecule? 

3.  What  is  a  polar  molecule? 

4.  What  is  cohesion? 

5.  The  weak  type  of  bonding  found  between  water  mole¬ 
cules  is  an  example  of  what  kind  of  bond? 

6.  Describe  a  sugar-water  solution.  What  is  the  solute  and 
what  is  the  solvent? 

7.  How  can  water  disperse  nonpolar  molecules  in  an  organ¬ 
ism? 


Carbohydrates 

3—13  Carbohydrates  are  organic  compounds 

The  carbohydrates  are  one  major  group  of  compounds 
found  in  organisms.  They  are  classified  as  organic  (or 
gan'ik)  compounds.  Organic  compounds  are  usually  de¬ 
fined  as  compounds  that  contain  the  element  carbon.  Most 
compounds  in  organisms  are  organic  compounds.  Water 
and  some  of  the  minerals  in  bone  are  the  main  exceptions. 
They  do  not  contain  carbon  and  belong  to  the  other  main 
group  of  compounds  called  inorganic  (in  or  gan'ik) 
compounds. 

3—14  Monosaccharides  The  simplest  subgroup  of 
carbohydrates  in  organisms  are  the  monosaccharides 
(mon  9  sak's  rldz),  which  are  commonly  called  single  sug¬ 
ars.  The  single  sugars  all  have  the  molecular  formula 
C6Hi206.  However,  they  all  have  a  slightly  different  struc¬ 
tural  formula.  Note  in  Figure  3-7  that  there  is  a  slight  dif¬ 
ference  in  the  way  the  individual  oxygen  and  hydrogen 
atoms  are  linked  together. 

The  most  important  single  sugar  is  glucose  (glu'kos) 
(also  called  dextrose).  Glucose  is  found  in  the  blood  and 
in  all  cells.  Think  of  glucose  as  having  the  same  function  as 
gasoline  in  automobiles.  Glucose  is  the  number  one  source 
of  energy  for  practically  all  organisms. 

The  other  single  sugars  commonly  found  in  organisms 
are  fructose  and  galactose.  Fructose  has  the  sweetest 
taste  of  all  sugars.  It  is  found  in  some  fruit  juices,  honey, 
and  the  nectar  of  some  flowers.  Galactose  is  rarely  found  as 
a  single  sugar.  It  is  most  commonly  found  combined  with 
glucose  in  milk  sugar. 


mmm 


H  H  H  OH  H  H 
I  I  I  I  I  I 

H-C-C-C-C-C-C=0 
l  l  I  l  l 

OH  OH  OH  H  OH 

GLUCOSE 


H 

I 


H-C-OH 

I 


H  H  H  OH  H 

I  I  I  I  I 

H-C-C-C-C-C-C-OH 
l  l  I  l  II  I 

OH  OH  OH  H  O  H 

FRUCTOSE 

H 

I 

H- C-OH 


I  I  H- C-OH 

OH  H  | 

H 


H  H  OH  OH  H  H 
I  I  I  I  I  I 
H-C-C-C-C-C-C=0 
l  l  l  l  l 
OH  OH  H  H  OH 

GALACTOSE 

H 

I 

H- C-OH 

I 

c - o 

H?/l  \? 

K™  “/i 

H  Y  OH 

I  I 

H  OH 


FIGURE  3-7  The  structural  formulas  of  three  single  sugars — glucose, 
fructose,  and  galactose 


3  —  15  Disaccharides  The  disaccharides 

(dl  sak'a  rldz)  make  up  another  subgroup  of  carbohy¬ 
drates.  They  are  commonly  called  double  sugars.  There  are 
three  common  double  sugars  and  they  each  have  the  same 
molecular  formula,  which  is  Ci2H220n- 

Each  double  sugar  is  a  compound  made  up  of  two  single 
sugars.  The  chemical  reaction  that  joins  them  is  called  de¬ 
hydration  (de  hi  dra'shan)  synthesis.  This  name  liter¬ 
ally  means  “putting  together  by  the  removal  of  water.” 
The  reaction  is  shown  below. 

C6H1206  +  C6H12O6  C12H12O11  +  h2o 

The  opposite  reaction,  which  occurs  when  organisms 
break  down  double  sugars  into  single  sugars,  is  called  hy¬ 
drolysis  (hi  drol's  sis).  This  name  means  “splitting  with 
water.” 

The  most  common  double  sugar  is  sucrose,  which  is 
the  cane  sugar  or  beet  sugar  used  in  the  home.  Sucrose  is  a 
combination  of  fructose  and  glucose.  The  fructose  causes 
sucrose  to  be  the  sweetest  of  the  double  sugars. 

The  other  two  double  sugars  commonly  found  in  organ¬ 
isms  are  maltose  and  lactose.  Maltose,  or  malt  sugar,  is 
found  in  seeds  that  have  started  to  grow,  or  germinate.  It  is 
a  combination  of  two  glucose  molecules.  Lactose,  called 
milk  sugar,  is  present  in  the  milk  of  different  animals.  Lac¬ 
tose  is  a  combination  of  galactose  and  glucose. 
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FIGURE  3-8  The  structural  formulas  of  three  double  sugars— sucrose, 
lactose,  and  maltose 


Some  persons  are  allergic  to  milk.  Sometimes  this  is 
caused  by  an  inherited  inability  to  digest  the  galactose  por¬ 
tion  of  milk  sugar.  Such  a  person  experiences  intestinal 
cramps  and  diarrhea  after  drinking  milk. 

3—16  Polysaccharides  The  largest  carbohydrate 
molecules  are  the  polysaccharides  (pol  e  sak'o  rldz). 
They  are  sometimes  called  compound  sugars.  The  poly¬ 
saccharides  are  chains  of  single  sugars  linked  together  by  a 
series  of  dehydration  synthesis  reactions.  Some  compound 
sugars  are  long  single  chains  like  a  string  of  boxcars  in  a 
freight  train.  Other  compound  sugars  consist  of  branching 
chains. 

It  is  impossible  to  give  the  molecular  formula  for  a  com¬ 
pound  sugar  because  the  number  of  subunits  always  var¬ 
ies.  However,  a  general  formula  is  written  (C6H05)x  with 
thex  representing  a  variable  number  of  single  sugars. 

Starch  is  one  of  the  most  common  of  the  compound 
sugars.  Starch  is  manufactured  in  plants  by  linking  to¬ 
gether  long  chains  of  glucose  molecules.  Starch  is  a  food- 
storage  molecule  for  plants.  It  is  much  more  stable  than 
single  or  double  sugars. 

Glycogen  (gif  ka  jon)  is  another  compound  sugar.  It  is 
manufactured  by  animals  and  is  sometimes  called  animal 
starch.  Glycogen  also  is  a  storage  molecule  that  is  made  up 
of  glucose  subunits.  However,  the  chains  of  glycogen  are 
much  more  highly  branched  than  the  chains  of  starch. 
Glycogen  is  stored  in  your  liver  and  muscles.  When  energy 
is  needed  by  your  body,  the  glycogen  is  hydrolyzed  into 
individual  glucose  molecules,  which  are  then  used  for 
energy. 

The  most  common  of  the  compound  sugars  is  cellu¬ 
lose  (sel'ya  los).  Cellulose  is  the  main  structural  material 
in  plant  cell  walls.  Cotton,  wood,  and  wood  products, 
such  as  paper,  are  common  materials  made  up  almost  en¬ 
tirely  of  cellulose. 

Cellulose  is  made  up  of  long  chains  of  glucose  subunits. 
However,  the  bonds  linking  the  glucose  subunits  are  not 
easily  broken.  Because  of  this  fact,  cellulose  is  not  easily  di¬ 
gested  as  are  starch  and  glycogen.  Some  animals,  such  as 
cows,  horses,  goats,  and  termites,  do  digest  cellulose  in 
wood  and  other  plant  material.  However,  the  actual  diges¬ 
tion  is  done  by  microorganisms  that  live  in  their  digestive 
systems.  Years  ago  a  classic  experiment  demonstrated  this 
unique  relationship.  Termites  were  heated  to  a  temper¬ 
ature  that  killed  their  internal  microorganisms  but  not  the 
termites  themselves.  Later  the  termites  died  of  starvation, 
even  when  surrounded  with  wood,  their  favorite  food. 
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Cotton  fibers  are  made  up  almost 
entirely  of  cellulose. 
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CHECK  YOUR  FACTS 


1.  What  element  do  organic  compounds  have  in  common? 

2.  Why  is  the  single  sugar  glucose  important? 

3.  What  is  dehydration  synthesis? 

4.  What  is  the  reaction  called  when  water  is  added  to  break 
down  a  molecule  such  as  a  double  sugar? 

5.  Name  three  common  double  sugars  and  tell  where  they 
can  be  found. 

6.  Name  two  important  polysaccharides  used  for  energy 
storage  in  organisms. 

7-  Explain  why  many  organisms  are  unable  to  digest 
cellulose. 

8.  Which  of  the  following  carbohydrates  are  found  in  plants: 
glycogen,  starch,  and  cellulose? 


Fats 

3—17  The  energy  function  Fats  serve  two  main 
functions  in  organisms.  One  function  is  energy  storage.  We 
already  have  described  how  single  sugars  can  be  stored  in 
larger  molecules  of  starch  and  glycogen.  An  even  more  ef¬ 
ficient  way  for  plants  and  animals  to  store  energy  is  to  con¬ 
vert  sugars  and  starches  to  fats.  On  the  average,  1  g  of  fat 
will  provide  an  organism  with  more  than  twice  the  energy 
of  a  gram  of  any  carbohydrate. 

Plants  use  fats  to  store  energy  only  to  a  limited  degree. 
Most  plant  fats  are  found  in  seeds,  where  a  more  concen¬ 
trated  source  of  energy  is  useful.  Peanut  oil,  soybean  oil, 
and  cottonseed  oil  are  examples  of  fats  that  are  produced 
from  plant  seeds. 

Most  animals  have  a  weight  problem  because  they  must 
be  mobile  to  survive.  (Flying  animals,  such  as  birds,  have  a 
very  serious  weight  problem.)  Nature  has  solved  this 
weight  problem  by  giving  animals  the  ability  to  convert 
starches  and  sugars  into  fats.  The  fats  take  up  less  space 
and  provide  the  same  energy  with  less  than  half  the  weight 
of  glycogen. 

In  modern  society,  farmers  make  use  of  the  animal’s  abil¬ 
ity  to  convert  starches  to  fat.  They  fatten  hogs  and  steers  by 
feeding  them  grains  with  a  high  starch  content.  The  ani¬ 
mals  hydrolyze  the  starch  and  use  some  of  the  glucose  for 
energy.  But  most  of  it  is  converted  to  fat  and  stored  in  the 
body.  The  same  thing  often  happens  to  us  when  we  eat  fat¬ 
tening  foods,  such  as  candy.  Candy  contains  little  or  no  fat, 
but  it  does  contain  a  lot  of  carbohydrates  that  our  bodies 
will  convert  to  fat. 


Hogs  hydrolyze  the  starch  in  corn  and  use  some  of  the  glucose  for 
energy. 


It  is  common  for  people  to  think  that  fats  are  stored  in 
the  animal  body  and  used  only  for  energy  when  food  is  not 
available.  That  is  not  correct.  Fats  are  constantly  being 
used  and  replaced.  Studies  with  mice  have  shown  that 
about  half  their  stored  fats  are  used  up  and  replaced  every 
week. 

3— IS  The  structural  function  Fats  and  fatlike 
compounds  also  have  an  important  structural  function  in 
organisms.  An  example  is  the  fatlike  compounds  that  make 
up  the  middle  portion  of  the  plasma  membrane.  This  is  the 
membrane  that  encloses  the  cell  and  helps  control  the 
movement  of  materials  in  and  out  of  the  cell.  Fatlike  com¬ 
pounds  also  are  an  important  structural  material  surround¬ 
ing  nerve  fibers,  which  branch  throughout  the  bodies  of 
most  animals. 
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A  layer  of  fat  also  has  a  structural  function  under  the  skin 
of  many  animals.  Such  under-the-skin  fat  is  called  sub¬ 
cutaneous  (sub  kyii  ta'ne  os)  fat.  Subcutaneous  fat 
helps  insulate  the  animal  body  and  prevent  heat  loss.  In 
warm-blooded  aquatic  animals,  such  as  the  whale  and  seal, 
the  subcutaneous  fat  is  very  thick  and  is  called  blubber. 
Subcutaneous  fat  also  serves  a  protective  function  by  cush¬ 
ioning  the  different  parts  of  the  animal  body.  The  pads  of  a 
dog’s  feet  are  cushioned  by  fat  and  protect  the  underlying 
bones.  Another  example  is  the  subcutaneous  fat  under  the 
inside  of  our  hands.  This  fat  protects  the  hand  bones  from 
physical  blows,  such  as  those  received  from  catching  a 
baseball. 

3-19  The  structure  of  fats  The  fats  are  made  up 
of  two  basic  kinds  of  molecules.  One  molecule  is  glyce¬ 
rol  (glis'o  rol).  The  other  is  the  fatty  (fat'e)  acid.  A 
complete  fat,  called  a  triglyceride  (trl  glis'o  rid),  con¬ 
sists  of  one  glycerol  molecule  bonded  to  three  fatty  acid 
molecules.  Note  in  Figure  3-9  how  fats  are  formed  by  de¬ 
hydration  synthesis  and  broken  down  by  hydrolysis. 

There  are  two  types  of  fatty  acids  that  may  be  found  in 
fats.  One  type  is  the  unsaturated  (un  sach'o  ra  tid) 
fatty  acid.  The  unsaturated  fatty  acid  has  one  or  more 
double  bonds  in  the  carbon  skeleton  of  the  molecule.  A 
double  bond  is  a  covalent  bond  where  two  electrons  are 
being  shared  by  each  adjoining  atom.  (The  double  bond  is 
diagramed  in  a  structural  formula  by  two  dashed  lines.)  An 
example  of  an  unsaturated  fatty  acid  is  oleic  acid,  which  is 
in  the  fats  of  peanut  oil  and  olive  oil. 

The  other  type  of  fatty  acid  is  called  a  saturated 
(sach'o  ra  tid)  fatty  acid.  An  example  is  stearic  acid, 
which  is  in  beef  fat.  Saturated  fatty  acids  have  no  double 
bonds  in  the  carbon  skeleton  of  the  molecule.  Each  carbon 
atom  in  the  chain  (except  the  end  carbon)  is  completely 
surrounded  by  hydrogen  atoms. 

Saturated  fats  are  made  up  of  saturated  fatty  acids.  Satu¬ 
rated  fats  are  solid  at  room  temperature.  Unsaturated  fats 
are  made  up  of  unsaturated  fatty  acids.  They  are  usually 
liquid  at  room  temperature  and  are  called  oils.  As  a  general 
rule,  animal  fats  are  saturated  fats  and  plant  fats  are  unsatu¬ 
rated.  However,  through  a  technique  called  hydro¬ 
genation  (hi  dro  jo  na'shon),  hydrogen  atoms  can  be 
added  to  fatty  acid  chains  in  unsaturated  fats.  This  elimi¬ 
nates  the  double  bonds  and  converts  unsaturated  plant  oils 
into  solid  saturated  fats.  This  is  the  process  used  to  convert 
cottonseed  oil  and  soybean  oil  into  margarine,  a  butter 
substitute. 
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FIGURE  3-9  Diagram  of  a  fat  molecule.  A  complete  fat  is  made  up  of 
one  glycerol  molecule  bonded  to  three  fatty  acid  molecules. 


CHECK  YOUR  FACTS 

1.  What  are  two  important  functions  of  fats  in  an  organism? 

2.  Why  is  the  ability  to  convert  carbohydrates  to  fats  impor¬ 
tant  in  mobile  animals? 

3.  What  is  subcutaneous  fat? 

4.  Name  two  functions  of  subcutaneous  fat. 

5.  What  two  kinds  of  molecules  make  up  fats? 

6.  What  is  an  unsaturated  fatty  acid? 

7.  Are  saturated  fats  solid  at  room  temperature? 

8.  What  type  of  fat  is  found  in  plants? 
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FIGURE  3-10 

The  general  formula  for  an  amino 
acid 


3—20  Giant  molecules  If  all  the  water  were  re¬ 
moved  from  cells,  most  of  the  remaining  matter  would  be  , 
made  up  of  proteins.  Proteins  are  the  second  most  abun¬ 
dant  compounds  in  cells. 

Most  proteins  are  giant  molecules.  Many  are  thousands 
of  times  larger  than  carbohydrates  and  fats.  Over  the  years 
their  large  size  created  problems  for  biologists  who  tried  to 
understand  their  functions  in  organisms.  The  proteins 
were  so  large  nobody  could  determine  their  structure. 
Without  knowledge  of  their  structure,  it  was  impossible  to 
determine  their  exact  function. 

Within  the  past  two  decades,  biologists  have  learned 
much  about  the  structure  of  a  few  proteins.  Even  though 
the  structure  of  hundreds  of  thousands  of  other  proteins  is 
unknown,  enough  general  knowledge  is  available  to  clar¬ 
ify  their  role  in  organisms.  For  example,  we  now  know 
that  a  slight  change  in  the  structure  of  one  body  protein 
may  be  enough  to  cause  a  serious  disease. 

3—21  The  basic  structural  subunits  All  pro¬ 
teins  are  made  up  of  subunits  linked  together  like  the  cars 
of  a  freight  train.  The  individual  subunits  are  called 
amino  (d  me'no)  acids.  Each  amino  acid  is  made  up  of 
carbon,  hydrogen,  and  oxygen— as  are  the  carbohydrates 
and  fats.  However,  there  is  one  additional  element  present 
in  amino  acids  that  is  not  found  in  carbohydrates  or  fats. 
This  is  the  element  nitrogen. 

There  are  20  different  amino  acids  that  make  up  most 
proteins,  but  they  all  have  certain  things  in  common.  Note 
the  generalized  structural  formula  for  an  amino  acid  in  Fig¬ 
ure  3-10.  Note  that  each  amino  acid  has  one  carbon  called 
the  alpha  carbon.  The  alpha  carbon  always  is  bonded  to 
one  NH2  group,  which  is  called  an  amino  group.  Also 
bonded  to  the  alpha  carbon  is  another  group  called  an  acid 
group.  This  leaves  two  bonds.  One  is  always  linked  to  a 
hydrogen  atom  and  the  other  to  a  variable  group  called  an 
R  group. 

It  is  the  R  group  that  is  different  in  each  of  the  20  differ¬ 
ent  amino  acids.  The  simplest  amino  acid,  called  glycine, 
has  only  one  hydrogen  atom  making  up  the  R  group.  In 
Figure  3-12  compare  glycine  with  alanine,  lysine,  and 
cysteine,  which  are  three  other  amino  acids  with  more 
complex  R  groups. 
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FIGURE  3-1  I  The  20  amino  acids 
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FIGURE  3-12  Glycine,  alanine,  lysine,  and  cysteine  are  simple  amino 
acids  with  varying  R  groups. 


3-22  Primary  structure  Earlier,  proteins  were 
compared  to  freight  trains  that  are  made  up  of  freight  cars 
linked  together.  This  comparison  can  be  continued  to  fur¬ 
ther  explain  protein  structure. 

The  typical  freight  train  is  made  up  of  a  hundred  or  more 
freight  cars  linked  together.  However,  seldom  is  a  freight 
train  made  up  of  only  one  kind  of  freight  car.  Usually  it  is 
made  up  of  a  variety  of  freight  cars,  such  as  boxcars,  coal 
cars,  tank  cars,  refrigerator  cars,  automobile-transport 
cars,  and  so  on.  In  any  freight  train  the  sequence  of  the  dif¬ 
ferent  cars  will  vary.  There  may  be  three  boxcars  in  a  se¬ 
quence,  followed  by  eight  tank  cars  and  one  coal  car.  It  is 
unlikely  that  any  two  freight  trains  will  ever  have  exactly 
the  same  sequence. 

In  many  ways  proteins  can  be  compared  to  freight 
trains.  Just  substitute  the  20  different  amino  acids  for  the 
different  kinds  of  freight  cars.  Proteins  are  made  up  of  dif¬ 
ferent  amino  acids  linked  together.  And  proteins  differ  in 
the  sequence  of  amino  acids.  The  different  amino  acids 
may  appear  in  any  order,  and  any  one  may  be  used  several 
times  within  one  protein.  The  big  difference  is  in  numbers. 
Freight  trains  only  have  a  hundred  or  so  freight  cars.  Most 
proteins  have  several  hundred  or  thousands  of  amino 
acids. 

Every  different  protein  has  a  different  sequence  of  amino 
acids.  This  sequence  is  called  the  primary  structure  of 
a  protein.  The  primary  structure  results  when  amino  acids 
react  by  dehydration  synthesis.  The  amino  group  of  one 
amino  acid  becomes  bonded  to  the  acid  group  of  another 
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amino  acid,  and  one  water  molecule  is  released.  The  re¬ 
sulting  bond  between  the  two  amino  acids  is  a  covalent 
bond  with  a  special  name.  It  is  called  a  peptide  (pep'tld) 
bond.  Usually  one  chain  of  amino  acids  linked  together  is 
called  a  polypeptide  (pol  e  pep'  tld)  chain,  or  more 
simply,  a  polypeptide. 

3—23  A  complex  structure  Protein  molecules  are 
not  long,  straight  chains  like  a  freight  train.  Most  proteins 
are  made  up  of  two  or  more  polypeptides.  The  poly¬ 
peptides  are  usually  coiled,  twisted,  and  folded  around 
each  other  and  look  somewhat  like  a  tangled  rope. 

After  amino  acids  become  linked  together,  the  poly¬ 
peptide  usually  shrinks  in  length  and  becomes  coiled.  This 
is  the  result  of  hydrogen  bonding  between  amino  and  acid 
groups  of  adjacent  amino  acids. 

A  second  type  of  structural  change  also  occurs.  The  dif¬ 
ferent  R  groups  begin  to  react  with  each  other.  Some  are 
attracted  to  each  other  by  relatively  weak  hydrogen  bonds. 
Others  form  ionic  bonds  or  the  much  stronger  covalent 
bonds.  The  reaction  of  the  R  groups  causes  the  chain  to 
fold  and  twist  into  a  unique  three-dimensional  shape. 

A  third  type  of  structural  change  may  occur  as  the  poly¬ 
peptides  are  folding  and  twisting.  One  polypeptide  chain 
may  unite  with  another  chain  or  chains.  This  greatly  com¬ 
plicates  the  folding  and  twisting  process  because  of  the  in¬ 
teraction  by  all  the  different  R  groups. 

Many  proteins  are  fragile  molecules  that  can  have  their 
three-dimensional  structure  permanently  changed,  or 
denatured  (de  na'chard).  The  white  of  a  hen’s  egg, 
which  is  largely  a  protein  called  albumin,  is  an  example  of 
a  fragile  protein.  Like  many  proteins,  it  is  very  sensitive  to 
heat.  Heat  the  albumin  and  it  changes  from  a  clear  jellylike 
protein  into  a  harder  white  substance.  No  chemical 

FIGURE  3-1  3  Amino  acids  bond  together  in  dehydration  synthesis, 
forming  a  molecule  of  water.  This  bond  is  called  a  peptide  bond  and 
denotes  peptide  formation. 
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FIGURE  3-14  A  protein  chain  of  amino  acids  can  twist  and  bend  in  a 
variety  of  ways  because  certain  amino  acids  bond  with  each  other. 


process  can  reverse  this  reaction.  Many  human  proteins 
also  are  sensitive  to  heat.  This  is  one  reason  why  very  high 
fevers  can  be  so  dangerous. 

3—24  The  primary  structure  is  extremely  im¬ 
portant  Observe  the  two  diagrams  in  Figure  3-14. 
Note  the  primary  structure  of  each  polypeptide,  which,  for 
simplicity,  has  been  labeled  with  numbers  rather  than 
with  the  names  of  amino  acids.  Note  in  the  A  chain  that 
there  is  an  attraction  between  the  R  groups  of  amino  acid 
number  8  and  number  5.  This  causes  the  polypeptide  to 
form  a  loop  near  one  end. 


Now  observe  the  chain  in  diagram  B  and  note  what  hap¬ 
pens  when  amino  acid  number  8  is  in  a  different  sequence. 
The  structure  of  chain  B  has  an  entirely  different  shape. 

The  diagrams  in  Figure  3-14  help  demonstrate  a  very 
important  fact  about  proteins.  The  primary  structure 
largely  determines  the  overall  three-dimensional  shape  of 
the  molecule.  In  turn  the  three-dimensional  shape  of  the 
protein  molecule  determines  how  it  will  function.  Let  us 
see  why  that  is  so  important. 

3—25  Protein  structure  and  sickle-cell  ane¬ 
mia  Sickle-cell  anemia  is  a  genetic  disease,  which  means 
that  it  is  inherited.  The  disease  is  caused  by  an  abnormal 
protein  that  is  found  in  red  blood  cells. 

The  red  blood  cells  carry  oxygen  from  the  lungs  to  all 
parts  of  the  body.  Inside  each  red  blood  cell  are  more  than 
200  million  protein  molecules  called  hemoglobin.  The 
hemoglobin  molecules  are  the  oxygen  carriers. 

Each  hemoglobin  molecule  is  made  up  of  four  poly¬ 
peptide  chains,  each  with  about  150  amino  acids.  Two  of 
the  chains,  called  alpha  chains,  have  the  same  primary 
structure.  The  other  two  chains,  called  beta  chains,  have 
a  different  primary  structure.  Altogether  the  hemoglobin 
molecule  has  600  amino  acids,  which  is  quite  a  small 
protein. 

About  two  decades  ago  scientists  began  to  study  the  pri¬ 
mary  structure  and  three-dimensional  shape  of  hemoglo¬ 
bin.  They  compared  the  structure  of  normal  hemoglobin 
and  hemoglobin  from  persons  with  sickle-cell  anemia. 
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Their  studies  showed  that  the  primary  structure  of  the  al¬ 
pha  chains  in  the  two  hemoglobins  was  exactly  the  same. 
But  in  the  beta  chains  there  was  one  very  small  difference. 
In  normal  hemoglobin,  position  number  six  of  the  beta 
chain  has  an  amino  acid  called  glutamic  acid.  The  beta 
chain  of  abnormal  hemoglobin  has  the  amino  acid  valine 
in  the  sixth  position. 

In  the  case  of  hemoglobin  just  2  different  amino  acids 
out  of  600  are  enough  to  change  the  three-dimensional 
shape  of  the  molecule.  In  turn  this  can  cause  some  red 
blood  cells  to  become  sickle-shaped.  Such  cells  can  plug 
small  blood  vessels  like  a  log  jam  in  a  river.  This  prevents 
normal  blood  cells  from  carrying  oxygen. 

3—26  How  do  the  right  amino  acids  get  lined 

up?  There  are  100  000  or  more  different  proteins  in  the 
cells  of  most  plants  and  animals.  The  typical  protein  prob¬ 
ably  averages  well  over  1  000  amino  acids  in  all  its  chains. 
We  have  seen,  with  the  example  of  sickle-cell  anemia,  the 
extreme  importance  of  primary  structure  in  the  overall 
shape  and  function  of  a  protein.  These  facts  lead  us  to  an 
important  question.  How  can  a  cell,  which  builds  all  the 
different  proteins,  line  up  the  millions  of  amino  acids  in 
the  right  order  so  that  each  protein  will  function  properly? 
To  do  so  a  cell  would  need  something  like  a  book  of  in¬ 
structions  that  would  list  the  primary  structure  for  each 
protein.  Also  the  cell  would  need  some  kind  of  precision 
assembly  plant  where  all  the  amino  acids  would  be  linked 
together  according  to  the  instructions  for  each  protein. 

Where  in  the  cell  is  the  “book  of  instructions”?  And 
where  is  the  “assembly  plant”?  These  questions  will  be  an¬ 
swered  in  the  next  chapter. 


CHECK  YOUR  FACTS 

1.  What  dement  is  not  found  in  fats  or  carbohydrates  but  is 
found  in  proteins? 

2.  How  are  proteins  and  amino  acids  related? 

3.  Why  has  the  protein  molecule  been  so  difficult  to  analyze 
and  understand? 

4.  What  is  meant  by  the  term  R  group? 

5.  What  is  a  peptide  bond? 

6.  Where  are  ionic  bonds  found  in  polypeptides? 

7.  What  is  a  denatured  protein? 

8.  What  determines  the  shape  of  a  protein  molecule? 

9.  Why  can  a  single  change  in  the  primary  structure  affect 
the  function  of  the  protein? 
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SUMMARY 


Matter  is  made  up  of  particles  called  atoms.  There  are  92  natu¬ 
rally  occurring  types  of  atoms  or  elements.  Of  these  92,  the 
four  elements  carbon,  oxygen,  nitrogen,  and  hydrogen  make 
up  nearly  all  living  matter.  Atoms  bond  with  each  other  in 
various  ways  to  form  molecules. 

Water  is  the  most  abundant  inorganic  molecule  found  in 
living  matter.  Because  of  the  bonding  arrangement  within  the 
water  molecule,  it  has  polar  characteristics.  This  polarity  en¬ 
ables  water  to  act  as  an  excellent  solvent. 

Carbohydrates  are  a  group  of  organic  molecules  that  are  im¬ 
portant  in  energy  storage  and  structural  support.  The  struc¬ 
tural  subunits  of  carbohydrates  are  the  simple  sugars,  such  as 
glucose  and  fructose. 

Fats  store  energy  more  efficiently  than  carbohydrates,  a  fact 
that  makes  fats  much  more  vital  to  mobile  animals  than  to 
plants. 


REVIEW  QUESTIONS 

1.  What  are  the  four  most  common  elements  found  in  liv¬ 
ing  matter? 

2.  Explain  the  difference  between  ions  and  isotopes. 

3.  Describe  ionic,  covalent,  peptide,  and  hydrogen  bond¬ 
ing.  Which  is  weakest? 

4.  How  do  elements  differ  from  compounds? 

5.  Why  can  water  act  as  a  good  solvent? 

6.  What  are  the  subunits  of  polysaccharides?  Of  poly¬ 
peptides?  Of  fats? 

7.  Describe  dehydration  synthesis. 

8.  What  are  some  differences  in  the  carbohydrate  and  fat 
composition  of  plants  compared  with  that  of  animals? 

9.  How  many  amino  acids  are  there,  and  how  do  they  differ 
in  structure? 

10.  Sickle-cell  anemia  is  caused  by  a  protein  with  an  abnor¬ 
mal  primary  structure.  Explain. 


ANALYSIS  AND  APPLICATION 


1.  As  heat  is  applied  to  a  protein,  denaturing  starts  to  occur. 
What  type  of  bonds  are  probably  being  broken?  Explain. 

2.  The  mass  number  of  an  atom  is  67  and  it  contains  37  neu¬ 
trons.  A  second  atom  has  31  electrons  and  a  mass  number 
of  66.  Both  atoms  are  of  the  same  element.  What  is  their 
atomic  number?  How  can  they  possibly  be  the  same  ele¬ 
ment? 
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Protein 


Structure  of  DNA 

4— 1  The  instructions  In  the  last  chapter  we  said 
that  a  cell  must  have  something  similar  to  a  book  of  in¬ 
structions  for  making  proteins.  The  instructions  must  be 
like  recipes  for  the  thousands  of  proteins  that  are  synthe¬ 
sized,  or  manufactured,  in  the  cell.  These  recipes  must 
specify  the  exact  sequence  of  amino  acids,  the  primary 
structure  of  each  protein. 

In  a  cell  there  is  a  large  molecule  (or  molecules)  of 
deoxyribonucleic  (de  ok  sa  rl  bo  nti  kle'ik)  acid  that 
can  be  compared  to  a  book  of  protein  recipes.  This  is  bet¬ 
ter  known  as  DNA. 
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The  twisting  lines  in  the 
photograph  at  left  are  bacterial 
chromosomes.  The  DNA 
molecules  of  the  bacterial  cells 
are  in  the  chromosomes. 
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DOUBLE-RING  SINGLE-RING 
BASES  BASES 

FIGURE  4-2 

The  DNA  molecule  exists  in  the 
form  of  a  double  helix.  This 
structure  was  first  proposed  by 
Watson  and  Crick. 


FIGURE  4-1  In  eucaryotic  cells  most  of  the  DNA  is  tightly  packed  in 
chromosomes  located  in  the  nucleus. 


4—2  Where  is  the  DNA  in  cells?  In  procaryotic 
cells,  which  are  cells  without  a  nucleus,  the  DNA  is  found 
throughout  the  cells.  The  DNA  molecule  is  very  long, 
twisted,  coiled,  and  packed  tightly  inside  the  cell.  In  one 
bacterial  cell,  named  E.  coli,  the  DNA  molecule  is  about 
1  mm  long.  This  molecule  is  about  1  000  times  longer  than 
the  cell  itself. 

in  eucaryotic  cells  about  98  percent  of  the  DNA  is  in  the 
nucleus  and  is  called  nuclear  (nii'kle  ar)  DNA.  The  nu¬ 
clear  DNA  is  in  the  chromatin  material,  which  condenses 
and  forms  the  chromosomes  that  are  seen  during  cell  divi¬ 
sion.  There  is  probably  one  very  long  DNA  molecule  in 
each  of  the  chromosomes.  If  this  is  accurate  for  all  eu¬ 
caryotic  cells,  each  human  body  cell,  with  46  chromo¬ 
somes,  would  contain  46  molecules  of  DNA. 

About  2  percent  of  the  DNA  in  eucaryotic  cells  is  in  or¬ 
ganelles  such  as  the  mitochondrion  and  chloroplast.  This 
DNA  is  called  organelle  (or  g3  nel')  DNA. 

4—3  The  Watson-Crick  model  of  DNA  In  1953 
two  scientists,  James  Watson  and  Francis  Crick,  announced 
a  model  for  the  structure  of  the  DNA  molecule.  Since  that 
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time  there  has  been  a  tremendous  amount  of  research  on 
DNA.  The  Watson-Crick  model  is  now  widely  accepted  by 
scientists. 

The  overall  shape  of  the  DNA  molecule  is  described  as  a 
double  helix.  See  Figure  4-2.  However,  when  trying  to  un¬ 
derstand  the  structure  of  the  molecule,  it  is  helpful  to 
untwist  it  mentally  and  imagine  it  as  a  long  ladder,  as 
shown  in  Figure  4-3. 

The  DNA  molecule  is  made  up  of  repeating  subunits 
called  nucleotides  (nii'kle  9  tldz).  Each  nucleotide  is 
made  up  of  three  chemical  groups.  One  is  a  phosphate 
(fos'fat)  group.  The  second  is  a  5-carbon  sugar  called 
deoxyribose  (de  ok  S9  rl'bos).  The  third  group  is  called 
a  nitrogen  (nl'trg  j9n)  base.  The  phosphate  and 
deoxyribose  groups  are  the  same  in  all  the  nucleotides. 
However,  there  are  four  different  nitrogen  bases  and  there¬ 
fore  four  different  nucleotides  in  DNA.  The  nucleotides  are 
named  for  the  specific  nitrogen  base  they  contain.  The  four 
different  nitrogen  bases  are  called  adenine  (ad'9  nin), 
thymine  (thl'min),  guanine  (gwa'nen),  and  cytosine 
(sl't9  sin). 

In  Figure  4-3  you  can  see  how  the  sides  of  the  ladder  are 
made  up  only  of  the  phosphate  and  sugar  parts  of  the  nu¬ 
cleotides.  The  nitrogen  bases  are  found  only  in  the  steps  of 
the  ladder.  Note  how  the  nitrogen  bases  are  bonded  to 
each  other  in  the  middle  region  of  the  steps.  The  bonds 
that  link  the  two  nucleotides  are  hydrogen  bonds.  Hydro¬ 
gen  bonds  are  much  weaker  than  all  the  other  bonds  in  the 
molecule. 

4—4  The  DNA  base-pairing  rule  An  important 
part  of  the  Watson-Crick  model  is  the  base-pairing 
rule.  This  rule  states  that  adenine  bases  are  only  paired 
with  thymine  bases,  and  that  guanine  bases  are  only  paired 
with  cytosine  bases. 

4—5  DNA  replication  Another  part  of  the  Watson- 
Crick  model  explains  how  exact  replicas  of  any  DNA  mole¬ 
cule  can  be  produced.  The  process  is  called  replication 
(rep  19  ka'shon).  In  replication  the  DNA  molecule  sepa¬ 
rates,  or  “unzips,”  down  the  middle  of  each  step  where 
the  hydrogen  bonds  link  the  two  nitrogen  bases.  Then  nu¬ 
cleotides  from  the  cell  environment  attach  themselves  to 
the  exposed  nitrogen  bases.  For  example,  if  half  the  DNA 
molecule  has  an  exposed  thymine  nucleotide,  an  adenine 
nucleotide  from  the  cell  environment  will  bond  to  it.  And 
if  the  other  side  of  the  DNA  molecule  has  an  exposed  guan¬ 
ine  nucleotide,  a  cytosine  nucleotide  will  bond  to  it. 


DEOXYRIBOSE 

PHOSPHATE 

FIGURE  4-3 

Alternating  units  of  sugars  and 
phosphates  make  up  the  sides  of 
the  DNA  ladder  while  nitrogen 
bases  make  up  the  rungs. 
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FIGURE  4-4 

As  a  result  of  the  base-pairing 
rule,  DNA  replication  produces 
two  new  molecules  identical  to 
the  original  one. 


Because  of  the  base-pairing  rule,  both  of  the  “unzipped” 
halves  of  the  DNA  molecule  will  end  up  with  the  same 
kind  of  nucleotides  as  were  in  the  original  molecule.  Thus 
two  identical  DNA  molecules  result,  and  the  process  of 
replication  is  complete. 


CHECK  YOUR  FACTS 

1.  Who  first  proposed  the  model  for  DNA  structure  that  is 
now  widely  accepted? 

2.  How  many  DNA  molecules  might  one  expect  to  find  in  a 
procaryotic  cell? 

3.  Name  two  types  of  eucaryotic  DNA.  Where  are  they 
found? 

4.  Three  chemical  groups  make  up  each  nucleotide.  Name 
them. 

5.  Name  the  nitrogen  bases  found  in  DNA. 

6.  Cytosine  is  bonded  to  the  nitrogen  base  of  another  nucle¬ 
otide.  What  type  of  chemical  bond  is  present?  What  is  the 
other  nucleotide? 

7.  What  is  DNA  replication? 

8.  Where  would  the  “old”  DNA  molecule  be  found  after  it 
has  replicated? 

9.  Which  nucleotide  bases  will  not  bond  to  guanine? 


Translating  the  Genetic  Code 

4—6  The  genetic  code  DNA  molecules  contain  all 
the  instructions  necessary  for  a  cell  to  build  thousands  of 
different  proteins.  Those  instructions  are  in  a  special  kind 
of  code  called  the  genetic  (jo  net'ik)  code.  The  genetic 
code  is  a  sequence  of  nucleotides  in  DNA  that  specifies  the 
sequence  of  amino  acids  that  go  into  proteins.  It  is  called  a 
genetic  code  because  the  information  is  inherited  when¬ 
ever  an  organism  reproduces.  The  information  in  the  ge¬ 
netic  code  is  also  called  genetic  information.  In  eucaryotic 
cells  the  genetic  information  is  in  the  nucleus.  However,  in 
these  same  cells  proteins  are  synthesized  in  the  cytoplasm. 
Somehow  the  code  in  the  DNA  has  to  be  “read,”  or  trans¬ 
lated,  and  then  carried  out  into  the  cytoplasm.  For  ex¬ 
ample,  the  code  in  the  nucleus  might  say:  Put  the  amino 
acid  lysine  in  the  first  position  in  a  polypeptide  chain.  But 
the  actual  process  of  assembling  a  polypeptide  with  lysine 
in  the  number  one  position  is  done  outside  the  nucleus,  in 
the  cytoplasm.  How  does  this  information  get  from  the  nu¬ 
cleus  to  the  cytoplasm? 
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4—7  Messenger  RNA  There  is  another  molecule  in 
the  cell  that  serves  as  a  messenger  for  carrying  genetic  in¬ 
formation  from  the  nucleus  to  the  cytoplasm.  That  mole¬ 
cule  is  called  messenger  RNA  (mRNA). 

The  correct  name  for  RNA  is  ribonucleic  (rl  bo  nil 
kle'ik)  acid.  It  too  is  a  long  molecule  made  up  of  nucle¬ 
otides.  However,  it  differs  from  DNA  in  three  ways.  First,  it 
is  a  single  helix  rather  than  a  double  helix.  (Picture  it  as 
half  of  a  DNA  molecule  after  it  has  “unzipped.”)  Second, 
the  sugar  in  the  nucleotides  is  ribose  rather  than  deoxyri- 
bose.  Third,  it  has  a  different  nitrogen  base  in  one  of  its 
four  nucleotides.  This  is  called  uracil  (yur'a  sal).  Uracil 
replaces  thymine,  which  is  not  found  in  RNA. 

4— 8  Reading  the  code  For  the  code  in  DNA  to  be 
“read,”  or  translated,  the  DNA  must  “unzip.”  This  exposes 
a  sequence  of  nitrogen  bases  to  which  RNA  bases  become 
linked.  The  code  itself  is  a  triplet  code.  This  means  that  a 
sequence  of  three  bases,  called  a  codon  (ko'don),  is  figure  4-5 

needed  to  specify  one  amino  acid.  For  example,  suppose  Each  messenger  rna  molecule  is 

formed  by  base-pairing  with  an 
unzipped  section  of  DNA. 


mRNA  IS  CARRIED  FROM  THE 
NUCLEUS  TO  THE  CYTOPLASM 
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the  following  sequence  of  nitrogen  bases  were  exposed  on 
a  DNA  molecule: 

DNA  C  A  ATT  CCGAGGG 

RNA  nucleotides  would  combine  with  the  exposed  DNA 
bases  as  follows: 

DNA  C AATT CCGAGGG 
mRNA  GUUAAGGCUCCC 

We  can  now  see  what  information  the  mRNA  has  taken 
from  the  DNA.  The  first  step  is  to  break  down  the  mRNA 
sequence  into  codons: 

mRNA  GUU  AAG  GCU  CCC 

By  using  Table  4-1,  we  can  translate  the  mRNA  code 
into  the  different  amino  acids.  Codon  GUU  specifies  the 
amino  acid  valine.  Codon  AAG  specifies  lysine.  GCU  speci¬ 
fies  alanine,  and  CCC  specifies  proline. 

After  the  mRNA  is  completely  formed  on  the  exposed 
DNA  bases,  it  separates,  or  “peels  off,”  and  moves  out  into 
the  cytoplasm.  Thus  the  mRNA  in  our  example  carries  the 
following  message  to  the  protein  synthesis  machinery  in 
the  cytoplasm:  Build  a  polypeptide  with  the  valine— ly¬ 
sine— alanine— proline  sequence  of  amino  acids. 


Table  4—1  The  Genetic  Code  in  mRNA 


First  Position 

Second  Position 

Third  Position 

U 

C 

A 

G 

U 

Phenylalanine 

Serine 

Tyrosine 

Cysteine 

U 

Phenylalanine 

Serine 

Tyrosine 

Cysteine 

C 

Leucine 

Serine 

A 

Leucine 

Serine 

Tryptophan 

G 

c 

Leucine 

Proline 

Histidine 

Arginine 

U 

Leucine 

Proline 

Histidine 

Arginine 

C 

Leucine 

Proline 

Glutamine 

Arginine 

A 

Leucine 

Proline 

Glutamine 

Arginine 

G 

A 

Isoleucine 

Threonine 

Asparagine 

Serine 

U 

Isoleucine 

Threonine 

Asparagine 

Serine 

c 

Isoleucine 

Threonine 

Lysine 

Arginine 

A 

Methionine 

Threonine 

Lysine 

Arginine 

G 

G 

Valine 

Alanine 

Aspartic  Acid 

Glycine 

U 

Valine 

Alanine 

Aspartic  Acid 

Glycine 

c 

Valine 

Alanine 

Glutamic  Acid 

Glycine 

A 

Valine 

Alanine 

Glutamic  Acid 

Glycine 

G 
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CHECK  YOUR  FACTS 

1.  What  is  the  role  of  DNA  in  protein  synthesis? 

2.  What  function  does  mRNA  serve? 

3.  Name  three  ways  RNA  differs  in  structure  from  DNA. 

4.  A  DNA  strand  reads  GTCCGATTC.  What  mRNA  strand 
would  be  produced?  What  amino  acids  are  encoded  here? 

5.  What  is  a  codon? 


Protein  Synthesis 

4—9  More  RNA  In  the  cytoplasm  of  the  cell,  where 
amino  acids  are  assembled  into  polypeptides  and  proteins, 
there  are  two  more  types  of  RNA.  One  type  called  riboso- 
mal  RNA  (rRNA)  is  found  in  the  ribosome.  The  other 
type  called  transfer  RNA  (tRNA)  is  scattered  about  the 
cytoplasm.  The  tRNA  molecules  are  much  smaller  than  the 
other  two  types.  The  first  tRNA  molecule  analyzed  in  the 
laboratory  was  found  to  have  only  77  nucleotides. 

4—10  The  role  of  transfer  RNA  The  tRNA  has  a 
very  important  role  in  protein  synthesis.  It  is  the  tRNA 
molecules  that  combine  with  the  different  amino  acids. 
There  is  one  specific  type  of  tRNA  for  each  of  the  20  differ¬ 
ent  amino  acids.  Also,  each  tRNA  has  three  exposed  nucle¬ 
otides  called  an  anticodon  (an  te  ko'don).  An  anticodon 


FIGURE  4-6  Each  type  of  transfer  RNA  combines  with  only  one  type  of 
amino  acid. 
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FIGURE  4-7  The  pairing  of  codons  and  anticodons  results  in  the  correct 
sequence  of  amino  acids  in  the  polypeptide  chain. 


contains  a  sequence  of  three  nitrogen  bases  that  will  com¬ 
bine  with  a  codon. 

4—11  The  ribosomes  About  50  percent  of  each 
ribosome  is  made  up  of  rRNA.  The  other  50  percent  is  pro¬ 
tein.  It  is  not  known  how  the  ribosome  functions  during 
protein  synthesis.  However,  it  is  known  that  ribosomes 
provide  a  sort  of  moving  “workbench”  where  the  amino 
acids  are  assembled.  During  the  actual  assembly  process 
several  ribosomes  may  be  clustered  together  into  what  is 
called  a  polysome  (poke  som). 

4—12  Making  the  polypeptide  The  machinery 
that  actually  assembles  the  polypeptide  consists  of  three 
major  parts:  (1)  mRNA  with  its  codons;  (2)  20  different 
tRNA’s  with  their  amino  acids  and  anticodons;  and  (3) 
ribosomes. 

Now  we  will  see  how  they  function  together.  As  an  ex¬ 
ample,  we  will  use  the  mRNA  with  the  codons  for  the  four 
amino  acids  discussed  earlier:  valine— lysine— alanine— 
proline. 
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The  basic  stages  in  making  the  polypeptide  are  summa¬ 
rized  below. 

1.  The  mRNA  with  its  codons  moves  from  the  nucleus 
to  the  cytoplasm. 

2.  The  tRNA’s  in  the  cytoplasm  become  chemically 
bonded  to  the  20  different  amino  acids. 

3.  The  ribosomes  get  involved  in  attaching  the  correct 
tRNA  anticodon  to  the  mRNA  codons.  For  example,  valine 
tRNA  has  the  anticodon  CAA  which  combines  with  the 
mRNA  first  codon,  GUU.  Then  the  ribosomes  help  link  the 
lysine  tRNA  anticodon  to  the  mRNA  second  codon,  AAG. 
See  Figure  4-7.  In  the  same  manner  the  other  tRNA’s  are 
linked  to  the  messenger. 

4.  When  the  tRNA’s  become  linked  to  the  mRNA  the 

amino  acids  are  lined  up  in  the  sequence  specified  by  the 
DNA  genetic  code.  Then,  through  a  series  of  dehydration 
syntheses,  the  adjoining  amino  acids  form  peptide  bonds. 
Also  the  amino  acids  are  released  from  their  tRNA  carriers, 
thus  freeing  the  polypeptide  chain.  . 

5.  Next,  the  polypeptide  chains  coil,  twist,  and  fold  and 
may  become  linked  with  other  chains.  The  net  result  is  a 
protein  built  to  the  exact  specifications  of  the  DNA  code. 

4—13  Organelle  DNA  Mitochondria  and  pfastids, 
such  as  chloroplasts,  also  contain  DNA  with  genetic  infor¬ 
mation.  It  is  known  that  organelle  DNA  can  replicate  itself. 
It  is  also  known  that  those  organelles  contain  RNA  and 
other  chemicals  needed  for  protein  synthesis.  However,  it 
has  not  yet  been  learned  how  the  protein  synthesis  occurs. 
It  may  or  may  not  occur  in  the  same  way  that  genetic  infor¬ 
mation  in  nuclear  DNA  is  used  to  make  polypeptides  in  the 
cytoplasm. 


CHECK  YOUR  FACTS 

1.  Where  is  tRNA  found?  What  is  its  function? 

2.  What  is  an  anticodon? 

3.  An  anticodon  reads  UCA.  To  what  amino  acid  is  this  anti¬ 
codon  bonded? 

4.  What  is  a  polysome?  What  activity  occurs  there? 

5.  What  machinery  is  involved  in  the  assembling  of  poly¬ 
peptides? 

6.  What  type  of  chemical  reaction  links  the  amino  acids  into 
polypeptides? 

7.  What  is  known  and  not  known  about  organelle  DNA  and 
protein  synthesis? 


Genes  and  Mutations 


4— 14  Defining  the  gene  For  many  years  biologists 
have  known  that  characteristics  of  organisms  are  inherited 
by  units  in  the  chromosomes  called  genes  (jenz).  Now, 
with  our  present  knowledge  of  DNA  and  protein  synthesis, 
the  gene  can  be  given  a  precise  definition.  A  gene  is  de¬ 
fined  as  the  sequence  of  nucleotides  in  a  DNA  molecule 
that  specifies  the  amino  acid  sequence  for  one  polypeptide 
chain. 

If  it  is  known  how  many  polypeptide  chains  are  in  a  pro¬ 
tein,  we  will  also  know  how  many  genes  carry  information 
for  that  protein.  A  protein  with  four  polypeptide  chains 
will  require  information  from  four  genes.  Also,  if  the  num¬ 
ber  of  amino  acids  in  a  polypeptide  is  known,  we  will 
know  how  many  nucleotides  must  be  in  the  gene.  A  poly¬ 
peptide  chain  with  300  amino  acids  would  have  a  gene 
with  900  nucleotides. 

4— IS  Mutations  Any  permanent  change  in  one  or 
more  genes  of  an  organism  that  can  be  inherited  is  called  a 
mutation  (myii  ta'shan).  Many  years  ago  mutations  were 
produced  in  the  laboratory  by  exposing  fruit  flies  to  heavy 
doses  of  X-ray  radiation.  Later,  mutations  were  produced 
by  exposing  organisms  to  other  types  of  radiation  and  to  a 
variety  of  chemicals  called  mutagens  (myli'ta  janz).  In 
these  early  experiments  it  was  known  that  the  genes  were 
changed,  but  the  exact  nature  of  the  changes  was  un¬ 
known. 

Researchers  are  beginning  to  understand  exactly  how 
some  mutations  occur.  For  example,  some  mutagens  cause 
changes  in  the  nitrogen  bases,  so  that  when  the  DNA  mole¬ 
cule  replicates,  different  nitrogen  bases  become  paired.  An 
example  is  a  mutagen  called  bromouracil,  which  replaces 
thymine  in  DNA.  When  the  DNA  with  the  bromouracil 
replicates,  the  bromouracil  pairs  with  guanine  instead  of 
adenine.  The  next  time  the  DNA  replicates,  one  molecule 
would  have  a  guanine-cytosine  pair  of  nucleotides  rather 
than  an  adenine-thymine  pair.  In  turn,  this  would  change 
the  codon,  and  the  change  could  result  in  a  different  amino 
acid  being  placed  in  a  polypeptide. 

Mutation  such  as  that  described  above  does  not  always 
result  in  a  different  polypeptide.  This  is  because  the  ge¬ 
netic  code  is  redundant,  which  means  that  there  is  more 
than  one  codon  in  the  genetic  code  for  each  amino  acid.  It 
is  possible  that  a  shift  from  an  AT  to  a  GC  sequence  could 
result  in  another  codon  that  would  also  specify  the  same 
amino  acid. 


4—16  Genes,  mutations,  and  cancer  Cancer  is 
an  often  deadly  disease  that  results  when  certain  cells  lose 
their  ability  to  control  themselves.  This  lack  of  control 
causes  them  to  reproduce  rapidly  and  can  be  the  cause  of  a 
malignant  tumor.  Many  things  are  known  to  cause  cancer 
in  experimental  animals.  Among  them  are  the  same  things 
that  cause  mutations,  such  as  various  types  of  radiation  and 
chemical  mutagens.  This  discovery  was  not  surprising  to 
biologists. 

All  functions  in  the  cell  are  controlled  by  enzymes 
(en'zlmz),  which  are  large  proteins.  Radiation  or  a  muta¬ 
gen  that  changes  a  gene  can  also  result  in  a  structural 
change  in  an  enzyme.  You  learned  in  Chapter  3  that  the 
substitution  of  one  different  amino  acid  in  two  chains  of 
the  hemoglobin  molecule  was  enough  to  change  the  he¬ 
moglobin’s  ability  to  function.  Cancer  researchers  also 
think  that  someday  the  precise  cause  of  some  kinds  of  can¬ 
cer  may  be  traced  to  specific  kinds  of  mutations. 
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4—1 7  Genetic  engineering  The  term  genetic  en¬ 
gineering  is  used  to  describe  the  attempts  by  scientists  to 
make  precise  changes  in  the  genes  of  organisms.  This  is  a 
controversial  subject  that  you  will  hear  debated  in  the 
years  ahead. 

One  very  controversial  kind  of  genetic  engineering  is 
called  a  recombinant  (ri  kom'bo  nont)  DNA  experi¬ 
ment.  An  example  is  the  recombinant  DNA  experiment  to 


FIGURE  4-8  In  recombinant  DNA  experiments,  genes  from  one 
organism  are  combined  with  the  DNA  of  another  organism. 
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Which  continue  to 
produce  the  two 
polypeptides  for  us. 


Which  multiplies 
with  all  offspring 
containing  the  two 
genes  from  the  rat  ceils. 


produce  insulin.  Insulin  is  a  protein.  In  a  disease  called  dia¬ 
betes  the  body  cannot  manufacture  enough  insulin.  Per¬ 
sons  with  diabetes,  called  diabetics,  must  often  use  insulin 
that  has  been  processed  from  cows  and  pigs.  This  insulin, 
which  has  a  slightly  different  primary  structure  from  that 
of  human  insulin,  sometimes  causes  allergic  reactions. 

Biologists  are  doing  recombinant  DNA  experiments  in 
an  attempt  to  find  a  way  to  produce  pure  human  insulin. 
So  far,  they  have  removed  from  rat  cells  the  two  genes  that 
code  for  the  two  polypeptide  chains  in  rat  insulin.  They  re¬ 
combined  those  genes  in  the  DNA  of  bacteria  called  E.  coli. 
The  new  DNA  in  the  bacteria  with  the  rat  genes,  called  re¬ 
combinant  DNA,  causes  the  bacteria  to  produce  rat  pro¬ 
insulin.  Rat  proinsulin  is  a  protein  that  needs  to  be  modi¬ 
fied  only  slightly  to  be  converted  to  rat  insulin.  The  next 
step  is  to  isolate  the  two  genes  that  code  for  human  insulin 
and  recombine  them  with  E.  coli. 

What  is  controversial  about  the  recombinant  DNA  ex¬ 
periments?  One  major  objection  to  such  experiments  is 
that  very  dangerous  organisms,  such  as  disease-producing 
bacteria,  might  accidentally  be  created.  Suppose,  for  ex¬ 
ample,  a  recombinant  DNA  experiment  produced  a  bacte¬ 
rium  that  was  immune  to  all  kinds  of  antibiotics.  And  sup¬ 
pose  that  bacterium  escaped,  causing  a  deadly  disease  in 
people  or  in  other  organisms.  What  could  be  used  to  kill 
such  bacteria?  Would  the  disease  wipe  out  millions  of 
people  or  other  organisms?  Such  a  threat,  though  improb¬ 
able,  deeply  concerns  many  scientists.  It  is  one  reason  why 
some  scientists  are  strongly  opposed  to  recombinant  DNA 
experiments,  even  though  they  might  also  prove  helpful  to 
people.  The  insulin  experiments  are  an  example  of  how 
genetic  engineering  can  be  helpful. 


CHECK  YOUR  FACTS 

1.  What  is  a  gene? 

2.  How  many  genes  would  be  needed  for  a  protein  made  up 
of  five  polypeptide  chains? 

3.  A  polypeptide  made  up  of  74  amino  acids  would  be  made 
from  a  gene  with  how  many  nucleotides? 

4.  What  is  a  mutagen?  Give  an  example  and  explain  how  it 
functions. 

5.  Why  might  a  mutation  be  harmless? 

6.  Explain  why  cancer  might  be  linked  to  specific  kinds  of 
mutations. 

7.  What  is  meant  by  the  term  genetic  engineering?  Why  is 
this  field  so  controversial? 


SUMMARY 


DNA  contains  the  information  needed  to  manufacture  the 
thousands  of  different  proteins  required  by  an  organism.  Al¬ 
though  some  DNA  exists  in  organelles,  most  DNA  is  in  the  nu¬ 
cleus  of  the  cell.  The  Watson-Crick  model  of  DNA  provides 
the  currently  accepted  explanation  of  replication  and  protein 
synthesis.  In  replication  the  double-stranded  molecule  “un¬ 
zips,”  and  nucleotides  from  the  cell  environment  attach  to  the 
exposed  strands.  The  base-pairing  rule  assures  that  exact  du¬ 
plicates  are  made.  In  protein  synthesis  a  strand  of  mRNA  is 
formed  on  an  exposed  section  of  DNA.  A  gene  is  a  sequence 
of  nucleotides  in  a  DNA  molecule  that  specifies  the  amino  acid 
sequence  for  one  polypeptide  chain.  Most  proteins  have  sev¬ 
eral  polypeptide  chains;  hence  several  genes  are  necessary  to 
produce  one  protein. 


REVIEW  QUESTIONS 

1.  What  is  the  function  of  DNA  in  the  cell? 

2.  What  are  the  three  kinds  of  RNA  and  what  are  their  func¬ 
tions? 

3.  What  is  meant  when  we  say  the  genetic  code  is  redun¬ 
dant?  Why  might  this  be  important  when  considering  a 

mutated  gene? 

4.  List  three  differences  between  DNA  and  RNA. 

5.  An  “unzipped”  DNA  strand  exposes  the  following  nucle¬ 
otides:  ATGGCATTGAGG.  What  mRNA  sequence  will 
form?  What  amino  acid  sequence  will  result? 

6.  If  the  DNA  described  above  is  changed  so  that  the  last  nu¬ 
cleotide  is  replaced  by  adenine,  how  will  the  amino  acid 
sequence  be  affected?  What  if  the  last  nucleotide  were 

guanine  or  thymine? 


ANALYSIS  AND  APPLICATION _ 

1.  Can  you  suggest  a  reason  why  researchers  first  suspected 
that  a  codon  consists  of  three  nucleotides  and  not  two? 

2.  If  genetic  engineers  perfect  the  production  of  human  pro¬ 
insulin  by  bacteria,  what  benefits  can  we  expect? 

3.  Your  body  started  from  one  cell.  All  your  present  cells 
’  contain  DNA  that  is  identical  to  that  contained  in  the  first 

cell.  How  can  you  account  for  the  wide  variety  of  cell 
types  in  your  body  if  they  all  have  identical  codebooks  ? 

4.  Some  cells  can  live  for  a  while  after  the  nucleus  is  te- 
moved.  Rut  they  gradually  lose  some  of  their  abilities  and 
eventually  die.  In  terms  of  DNA  and  protein  synthesis, 
how  might  that  be  explained? 
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the  Cell 


Metabolism,  enzymes,  and  ATP 

5—1  Work  and  energy  All  organisms  perform  vari¬ 
ous  kinds  of  work.  However,  the  work  is  actually  done  in¬ 
side  the  cells.  For  example,  muscle  cells  produce  move¬ 
ment  and  nerve  cells  transmit  information.  Many  different 
kinds  of  cells  manufacture  products  such  as  proteins  and 
carbohydrates. 

Energy  (en'or  je)  is  defined  as  the  ability  to  do  work. 
Therefore,  cells  must  have  energy  to  perform  their  work. 
Where  do  they  get  their  energy? 

5—2  Chemical-bond  energy  All  cells  use  a  special 
kind  of  energy  called  chemical-bond  energy.  This  is 
energy  that  is  released  when  the  chemical  bonds  of  a  mole¬ 
cule  are  broken.  To  observe  an  example  of  chemical-bond 
energy,  heat  some  kind  of  food,  such  as  a  peanut.  The  heat 
will  start  a  chemical  reaction  between  the  peanut  and  oxy¬ 
gen  from  the  air.  In  this  reaction  the  molecules  in  the  pea¬ 
nut  start  to  break  down.  They  recombine  with  oxygen. 
Once  the  reaction  has  started,  an  outside  source  of  heat  is 
no  longer  needed  to  keep  the  reaction  going.  The  heat  re¬ 
leased  when  the  bonds  are  broken  keeps  the  reaction  go¬ 
ing.  Light  energy  is  also  released.  This  energy  is  visible  in 
the  flame. 

Heat  can  cause  a  chemical  reaction  to  occur  because  it 
increases  the  movement  of  molecules.  Greater  movement 
does  two  things.  First,  it  increases  the  chances  that  mole¬ 
cules  will  collide  with  each  other.  Molecular  collisions  are 
necessary  for  reactions  to  occur.  Second,  heat  increases  the 
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strength  of  molecular  collisions.  The  stronger  the  molecu¬ 
lar  collisions,  the  greater  the  chance  that  a  reaction  will  oc¬ 
cur.  When  a  lighted  match  is  held  up  to  a  peanut,  the  heat 
increases  both  the  number  and  strength  of  the  molecular 
collisions  until  the  chemical  reaction  occurs. 

5—3  Reactions  without  applying  heat  The  to¬ 
tal  of  all  chemical  reactions  that  occur  in  cells  is  called 
metabolism  (ma  tab's  liz  am).  Such  reactions,  called  me¬ 
tabolic  reactions,  require  energy.  However,  the  cell  cannot 
use  as  much  energy  as  we  use  to  start  a  peanut  burning. 
Nor  can  the  cell  allow  reactions  to  release  as  much  energy 
as  is  released  when  a  peanut  burns.  Both  the  heat  used  to 
start  the  reactions  and  the  heat  released  during  the  reac¬ 
tions  would  destroy  the  cell.  How,  then,  are  metabolic  re¬ 
actions  started  and  controlled? 

Most  metabolic  reactions  in  the  cell  are  started  and  con¬ 
trolled  by  a  group  of  chemicals  called  enzymes.  Enzymes 
act  as  catalysts  (kat'a  lists).  Catalysts  are  chemicals  that 
cause  chemical  reactions  to  occur  without  themselves 
being  changed  during  the  reactions.  As  catalysts,  enzymes 
start  chemical  reactions  and  keep  them  going  without  the 
addition  of  large  amounts  of  heat  energy. 

5—4  How  enzymes  function  All  enzymes  are  pro¬ 
tein  molecules.  Some  enzymes  also  have  nonprotein  sub¬ 
units  called  coenzymes  (ko  en'zlmz)  that  unite  with  them 
and  help  them  function.  Some  of  the  coenzymes  are  vita¬ 
mins,  such  as  riboflavin  and  niacin. 

Enzymes  function  by  forming  temporary  chemical  bonds 
with  the  molecule  or  molecules  that  are  to  undergo  a 
chemical  reaction.  Such  a  molecule  or  molecules  are  called 
the  substrate  (sub'strat).  The  region  of  the  enzyme 
where  the  substrate  bonds  is  called  the  active  site  (sit). 
Picture  the  substrate  as  being  like  one  or  two  pieces  of  a 
jigsaw  puzzle  that  fit  into  one  hole,  which  is  the  active  site. 


FIGURE  5-1 

Enzymes  are  able  to  catalyze 
chemical  reactions  by  the 
formation  of  an  enzyme- 
substrate  complex. 
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ENZYME-SUBSTRATE  COMPLEX 


Chemical  reactions  in  the  body 
can  supply  energy  for  work  and 
exercise.  Such  reactions  also 
release  metabolic  heat. 


When  two  molecules  of  a  substrate  are  bonded  to  an  ac¬ 
tive  site,  there  is  no  longer  a  random  chance  that  they  will 
collide.  They  have  to  collide  because  the  enzyme  is  hold¬ 
ing  them  close  together.  The  reaction  may  unite  two  mole¬ 
cules,  or  it  may  separate  one  molecule  into  two.  In  many 
cases  both  reactions  are  occurring,  and  the  reaction  that 
occurs  most  often,  or  the  net  reaction,  is  what  is  observed. 

Biologists  are  not  sure  exactly  how  reactions  occur  at 
the  enzyme  active  site.  However,  they  do  know  that  after 
the  reactions  occur,  the  substrate  is  released  from  the  ac¬ 
tive  site.  This  leaves  the  active  site  vacant  and  allows  the 
enzyme  to  react  with  another  substrate.  Working  this  way, 
one  enzyme  can  catalyze  many  reactions  without  itself 
being  changed. 

5—5  Why  doesn’t  metabolism  burn  up  cells? 

The  work  of  enzymes  explains  how  reactions  can  be 
started  without  adding  heat  that  would  burn  up  the  cell. 
But  what  about  the  heat  that  is  released  during  metabol¬ 
ism?  How  can  metabolic  reactions  occur  without  excess 
heat  from  the  reactions  burning  up  the  cell? 

The  cell  does  not  burn  up  when  reactions  occur  for  two 
reasons.  First,  the  reactions  do  not  occur  all  at  once,  as 
they  do  in  a  peanut  that  is  burning.  Teams  of  enzymes 
cause  reactions  to  occur  in  a  series  of  steps,  with  small 
amounts  of  energy  released  during  each  step.  Second,  only 
part  of  the  energy  released  during  metabolism  is  converted 
to  heat.  (Feel  the  warmth  of  your  body.  This  is  metabolic 
heat  that  keeps  your  body  temperature  at  37 °C.)  Much  of 
the  energy  is  used  to  convert  ADP  to  ATP. 
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FIGURE  5-2 

The  structure  of  ATP  is  shown  in 
this  figure. 
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5—6  What  are  ADP  and  ATP?  Adenosine 
diphosphate,  or  ADP,  is  an  RNA  nucleotide  with  one 
extra  phosphate  group.  Adenosine  triphosophate,  or 
ATP,  also  is  an  RNA  nucleotide,  but  it  has  two  extra  phos¬ 
phate  groups. 

Note  in  Figure  5-2  the  wavy  lines  that  link  the  last  phos¬ 
phate  to  ADP  and  the  last  two  phosphates  to  ATP.  Those 
wavy  lines  are  symbols  for  a  special  high-energy  covalent 
bond.  The  breaking  of  such  bonds  results  in  the  release  of 
more  energy  than  the  breaking  of  covalent  bonds  in  other 
compounds. 

ADP,  ATP,  and  individual  phosphate  groups  are  found 
throughout  the  cell  and  are  involved  in  most  metabolic  re¬ 
actions.  When  energy  is  released  during  a  metabolic  reac¬ 
tion,  some  of  the  energy  is  used  to  link  a  phosphate  group 
to  ADP,  forming  ATP.  This  is  called  phosphorylation 
(fos  far  a  la'shan).  Later,  when  energy  is  needed  in  the 
cell,  the  high-energy  bond  linking  the  third  phosphate  to 
ATP  is  broken.  This  releases  energy  that  can  do  work,  and 
a  molecule  of  ADP  is  left.  Thus  there  is  an  ADP-ATP  cycle 
in  the  cell.  When  energy  is  released,  it  is  used  to  make  ATP 
from  ADP.  When  energy  is  needed,  it  is  released  from  ATP 
and  ADP  is  formed. 
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FIGURE  5-3 

The  breakdown  of  ATP  yields 
ADP  plus  phosphate  and  energy. 


SCIENCE  TERMS 

energy 

chemical  bond  energy 

metabolism 

enzymes 

catalysts 

coenzymes 

substrate 

active  site 

adenosine  diphosphate  (ADP) 
adenosine  triphosphate  (ATP) 
phosphorylation 


CHECK  YOUR  FACTS 

1.  What  is  energy? 

2.  What  kind  of  energy  is  used  by  cells? 

3.  Why  does  heat  help  cause  a  reaction? 

4.  What  does  metabolism  mean? 

5.  What  controls  metabolic  reactions? 

6.  Why  are  enzymes  called  catalysts? 

7.  What  is  meant  by  active  site ? 

8.  How  are  ADP  and  ATP  different? 


71 


Photosynthesis 

5—7  Where  does  energy  for  life  come  from? 

With  the  exception  of  a  few  rare  types  of  microorganisms, 
the  earth’s  organisms  obtain  their  energy  directly  or  in¬ 
directly  from  the  sun.  The  radiant  energy  of  sunlight  is 
transformed  into  chemical-bond  energy  by  the  process  of 
photosynthesis  (fo  ta  sin'tha  sis).  The  photosynthetic 
organisms,  which  include  green  plants  and  several  kinds  of 
microorganisms,  are  called  producers.  The  producers 
transform  radiant  energy  into  chemical-bond  energy, 
which  is  then  used  to  manufacture  many  different  mole¬ 
cules,  including  sugars,  fats,  amino  acids,  and  nucleotides. 

Other  organisms,  which  cannot  carry  on  photosyn¬ 
thesis,  are  called  consumers  (kan  sii'marz).  All  animals 
are  consumers,  as  are  many  microorganisms.  The  con¬ 
sumers  obtain  their  energy  from  the  chemical  bonds  of 
food  molecules  that  they  have  eaten.  The  energy  in  the 
food  molecules  came  directly  from  producers,  or  from  ani¬ 
mals  that  had  eaten  producers.  Therefore  all  consumers, 
directly  or  indirectly,  depend  upon  producers  for  their 
energy.  Thus  the  energy  that  organisms  use  for  all  their 
work  comes  from  the  sun. 


Animals,  such  as  this  water 
buffalo,  are  consumers.  All 
consumers  depend  on  energy 
trapped  by  plants  in 
photosynthesis. 
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STARCH  GRANULE 


RIBOSOMES 


GRANUM  (A  STACK 
OF  THYLAKOIDS) 


THYLAKOID 

FIGURE  5-4  The  structure  of  a  chloroplast  is  shown  in  this  figure. 


5—8  Where  does  photosynthesis  occur?  In  al¬ 
most  all  producers  photosynthesis  occurs  inside  cellular 
organelles  called  chloroplasts.  (The  exception  is  in  pro¬ 
caryotic  cells  of  organisms  such  as  blue-green  algae.)  Un¬ 
der  the  light  microscope  a  chloroplast  looks  like  a  small 
round  green  object  floating  in  the  cytoplasm.  But  with  the 
electron  microscope  a  more  detailed  structure  is  revealed. 
Scattered  throughout  the  chloroplast  are  small  bodies 
called  grana,  which  are  made  up  of  stacks  of  disklike 
plates.  The  disklike  plates  are  called  thylakoids  (thl'b 
koids).  The  region  outside  the  grana,  called  the  stroma 
(stro'ma),  has  no  definite  structure  and  is  somewhat  like 
the  cytoplasm  of  the  cell. 


The  photograph  below  shows 
cells  from  an  elodea  plant. 
Chloroplasts,  which  can  be  seen 
within  the  cells,  contain  the 
pigment  chlorophyll. 


5—9  The  pigments  The  first  stage  of  photosynthesis 
is  the  capture  of  radiant  energy.  This  is  done  by  pig¬ 
ments,  which  are  chemicals  that  absorb  certain  colors  in 
the  visible  light  spectrum. 

A  green  pigment  found  in  the  chloroplast  is  called 
chlorophyll.  It  absorbs  red  and  blue  colors  of  the  vis¬ 
ible  light  spectrum  and  radiates  the  color  green.  That  is 
why  it  appears  green  to  us.  Actually  there  are  two  kinds  of 
chlorophyll  in  the  chloroplasts  of  most  organisms.  One, 
called  chlorophyll  ay  is  the  most  universal,  which 
means  that  it  is  found  in  the  greatest  number  of  organisms. 
The  other,  called  chlorophyll  b,  is  also  common. 
Chlorophyll  b  supplements  the  light  absorption  ability  of 
chlorophyll  a  by  absorbing  colors  that  are  not  absorbed 
by  chlorophyll  a. 


The  beautiful  colors  of  autumn 
are  due  to  the  carotene  and 
xanthophyll  pigments  in  the 
leaves  that  are  no  longer  masked 
by  chlorophyll. 


Other  pigments  include  the  carotenes  and  xanthophylls, 
which  are  red  and  yellow.  Usually  these  pigments  are  not 
seen  in  plant  leaves  because  they  are  masked  by  the  green 
chlorophylls.  However,  in  the  autumn,  when  leaves  stop 
making  chlorophyll,  the  red  and  yellow  pigments  become 
visible  and  are  responsible  for  the  much-admired  fall  col¬ 
ors.  The  carotenes  and  xanthophylls,  like  chlorophyll  b, 
absorb  colors  that  are  not  absorbed  by  chlorophyll  a. 


5—10  The  light  and  dark  reactions  The  process 
of  photosynthesis  actually  consists  of  two  different  series  of 
chemical  reactions.  One  series  is  called  the  light  reac¬ 
tions  (re  ak'shsnz).  In  the  light  reactions  radiant  energy  is 
trapped  and  converted  to  ATP  and  to  an  energy  storage 
molecule  called  NADPH  (nicotinamide  adenine  dinu¬ 
cleotide  phosphate).  Also  during  the  light  reactions,  water 
is  split  into  hydrogen  and  oxygen.  The  oxygen  is  a  by¬ 
product  of  photosynthesis  and  is  released  from  the  cell. 

The  second  series  of  reactions  during  photosynthesis  is 
called  the  dark  reactions.  They  are  given  this  name  not 
because  they  occur  in  the  dark  but  because  light  is  not  nec¬ 
essary  for  the  reactions  to  occur.  In  the  dark  reactions  ATP 
and  NADPH  are  used  for  a  series  of  manufacturing  reac¬ 
tions.  Carbon  dioxide  is  used  as  the  basic  raw  material  in 
the  dark  reactions. 


74 


5—11  The  light  reactions  The  light  reactions  oc¬ 
cur  in  the  thylakoids,  where  the  pigment  molecules  are 
concentrated  in  layers.  The  radiant  energy  strikes 
chlorophyll  and  causes  electrons  to  be  bounced  away  from 
the  nuclei  of  certain  atoms.  If  the  chlorophyll  were  in  a  test 
tube,  the  electrons  would  be  pulled  back  to  the  nuclei  and 
would  give  up  their  energy  in  the  form  of  fluorescent  light. 
To  understand  how  this  occurs,  think  of  pushing  a  big 
rock  up  a  hill.  That  pushing  compares  to  the  radiant 
energy  bouncing  an  electron  away  from  an  atomic  nu¬ 
cleus.  Then  picture  the  rock  being  released  and  rolling 
down  the  hill.  It  gives  up  the  energy  it  had  gained.  In  a  like 
manner  an  electron  bounced  away  from  the  nucleus  gives 
up  energy  as  it  moves  back  to  the  nucleus.  This  energy  is 
visible  in  the  form  of  fluorescent  light. 

In  the  thylakoid  the  electrons  do  not  return  directly  back 
to  the  nuclei  in  the  chlorophyll.  Instead  they  pass  through 
a  series  of  chemical  reactions  in  which  their  energy  is 
transferred  to  chemical-bond  energy.  Some  energy  is 
stored  in  the  process  of  photo  phosphorylation,  that 
is,  the  process  by  which  light  causes  ADP  to  be  converted 
to  ATP.  Some  of  the  energy  and  electrons  from  hydrogens 
that  are  split  from  water  molecules  are  used  to  make 
NADPH.  Eventually,  after  useful  work  has  been  done  by 
the  electrons,  they  return  to  the  chlorophyll  atoms  where 
they  can  again  be  bounced  away  to  do  useful  work. 


FIGURE  5-5 

During  the  light  reactions  of 
photosynthesis,  ATP  is  generated 
and  water  is  split  into  hydrogen 
and  oxygen. 
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5—12  The  dark  reactions  The  dark  reactions  oc¬ 
cur  outside  the  thylakoids  in  the  stroma  of  the  chloroplasts. 
In  the  stroma  there  are  teams  of  enzymes  that  function 
somewhat  like  assembly  lines  in  a  factory.  Their  function  is 
manufacturing,  and  the  energy  needed  for  that  work 
comes  from  the  ATP  and  NADPH  produced  in  the  light  re¬ 
actions. 

Carbon  dioxide,  the  raw  material  used  in  the  dark  reac¬ 
tions,  enters  the  leaves  of  plants  through  openings  called 
stomata  (sto  ms'ts).  (Oxygen  released  during  the  light 
reactions  also  passes  out  of  the  leaf  through  the  stomata.) 
The  CO2  enters  a  series  of  reactions  called  the  Calvin 
cycle,  named  after  a  University  of  California  professor 
who  first  described  the  cycle. 

In  the  Calvin  cycle  three  molecules  of  C02  react  with 
three  molecules  of  ribulose  diphosphate.  This  results  in  six 
molecules  of  phosphoglycerate,  a  3 -carbon  compound. 

In  the  next  reactions  ATP  and  NADPH  are  used  to  manu¬ 
facture  six  molecules  of  glyceraldehyde  phosphate,  which 


FIGURE  5-6  During  the  dark  reactions,  carbon  dioxide  is  used  in  the 
manufacturing  of  glucose  by  the  cell. 
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is  an  energy-rich,  3 -carbon  sugar.  Five  of  the  glyceral- 
dehyde  phosphates  remain  in  the  Calvin  cycle,  but  one 
molecule  is  released.  The  glyceraldehyde  phosphate  that  is 
released  can  be  combined  with  another  of  its  kind  to  form 
glucose,  a  6-carbon  sugar.  The  glucose,  in  turn,  can  be 
linked  to  other  glucose  molecules  and  stored  as  starch.  The 
glyceraldehyde  phosphate  also  can  be  used  as  a  3 -carbon 
skeleton  on  which  other  simple  sugars,  fats,  amino  acids, 
and  different  nucleotides  can  be  constructed. 

5—13  C5  and  C 4  plants  Recently  it  was  discovered 
that  some  plants  also  convert  carbon  dioxide  into  4 -carbon 
molecules  of  malic  acid  and  aspartic  acid.  Now  biologists 
have  two  names  for  producers,  depending  upon  which  in¬ 
termediate  molecule  is  produced  during  the  dark  reactions. 
Plants  that  produce  the  3-carbon  glyceraldehyde  phos¬ 
phate  molecule  are  known  as  C3  plants.  Plants  that  pro¬ 
duce  the  4-carbon  malic  acid  and  aspartic  acid  are  called 
C4  plants. 

The  C4  plants  that  have  been  studied  so  far  are  primarily 
of  tropical  origin.  They  include  such  plants  as  corn,  sugar¬ 
cane,  crabgrass,  sorghum,  and  rice.  The  C4  chemical  reac¬ 
tions  seem  to  give  plants  a  better  chance  of  surviving  un¬ 
der  tropical  conditions.  The  enzymes  in  the  C4  plants  work 
better  at  higher  temperatures  and  more  efficiently  with 
low  concentrations  of  CO2. 


CHECK  YOUR  FACTS 

1.  What  is  a  producer?  Are  you  a  producer? 

2.  Explain  why  consumers  are  dependent  on  the  sun  for 
their  energy. 

3.  What  are  the  structural  units  of  the  grana?  What  takes 
place  in  these  units? 

4.  Name  and  locate  the  area  where  the  dark  reactions  take 
place. 

5.  What  is  a  pigment?  Why  are  there  several  pigments  in¬ 
stead  of  just  one? 

6.  What  is  the  role  of  the  carotenes? 

7.  What  are  the  products  of  the  light  reactions?  Are  all 
these  used  in  the  dark  reactions? 

8.  Is  chemical-bond  energy  obtained  directly  from  radiant 
energy?  Explain. 

9.  What  are  the  stomata?  What  is  their  function? 

10.  What  does  the  Calvin  cycle  accomplish  by  forming 
glyceraldehyde  phosphate? 

11.  What  are  C4  plants?  Where  are  they  found? 


SCIENCE  TERMS 
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Respiration 

5  — 14  Respiration:  a  double  meaning 
Respiration  has  a  double  meaning  in  biology.  One  use 
of  the  term  describes  the  process  by  which  organisms  ex¬ 
change  gases  between  themselves  and  the  atmosphere.  In 
this  usage  respiration  is  a  synonym  for  breathing. 

The  second  use  of  respiration  describes  the  chemical 
breakdown  of  glucose  and  other  food  molecules  to  provide 
energy  for  cells. 

5—15  Glycolysis  There  are  two  major  steps  in  the 
process  of  respiration.  One  step,  called  glycolysis  (gll 
kol'a  sis),  occurs  in  all  cells  and  does  not  require  oxygen. 
Glycolysis  also  may  be  called  anaerobic  respiration, 
which  means  “respiration  without  oxygen.” 

The  process  of  glycolysis  is  a  series  of  chemical  reactions 
that  breaks  the  6-carbon  glucose  molecule  into  two  3- 
carbon  molecules  of  pyruvic  acid.  In  the  breakdown  of  the 
glucose,  four  molecules  of  ADP  are  phosphorylated  into 
ATP.  However,  two  molecules  of  ATP  are  used  up  in  the 
series  of  reactions.  The  net  energy  gain  for  the  cell  is  two 
molecules  of  ATP.  This  is  less  than  10  percent  of  the  avail¬ 
able  chemical-bond  energy  in  the  glucose  molecule. 

5—16  Aerobic  respiration  The  second  major  step 
in  the  process  of  respiration  is  called  aerobic  (ar  o'bik) 
respiration  which  means  “respiration  with  oxygen.” 
Aerobic  respiration  is  carried  out  by  most  but  not  all  cells, 
and  the  process  requires  oxygen.  In  the  eucaryotic  cell, 
aerobic  respiration  is  carried  out  in  the  mitochondrion. 
This  is  the  reason  why  that  organelle  is  called  the  “pow¬ 
erhouse”  of  the  cell.  Aerobic  respiration  results  in  the 
complete  breakdown  of  pyruvic  acid  into  carbon  dioxide 
and  water.  The  carbon  dioxide  is  picked  up  by  the  blood 
and  eliminated  through  the  lungs. 

5—1 7  The  net  energy  result  The  main  function  of 
respiration  is  to  transform  chemical-bond  energy  of  food 
molecules  into  ATP  that  can  later  be  used  to  do  the  work  in 
the  cell.  How  much  useful  energy  does  the  process  yield? 

By  itself,  glycolysis  is  inefficient  in  converting  the  avail¬ 
able  energy  from  a  molecule  of  glucose.  Only  two  mole¬ 
cules  of  ATP  are  gained  during  glycolysis.  However,  the 
complete  breakdown  of  two  pyruvic  acids  during  aerobic 
respiration  produces  36  ATP’s,  which  results  in  eighteen 
times  more  energy  for  the  cell!  The  overall  useful  energy 
gain  from  one  molecule  of  glucose  that  goes  through  gly¬ 
colysis  and  aerobic  respiration  is  38  ATP’s. 
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CHECK  YOUR  FACTS 


1.  What  is  respiration  (the  metabolic  process),  and  what  are 
its  two  stages? 

2.  Do  all  organisms  use  aerobic  respiration?  Glycolysis? 

3.  In  glycolysis,  why  is  the  net  gain  per  glucose  molecule 
two  ATP’s  and  not  four? 

4.  About  what  percent  of  the  chemical-bond  energy  is  uti¬ 
lized  in  glycolysis? 

5.  List  three  end  products  of  aerobic  respiration. 

6.  What  do  we  mean  by  reducing  a  molecule? 

7.  What  happens  during  the  oxidative  phosphorylation  reac¬ 
tions? 


SUMMARY 

All  work  done  by  an  organism  is  actually  done  in  the  cells. 
The  energy  used  to  do  this  work  is  chemical-bond  energy. 
Cells  do  not  require  or  generate  much  heat  in  their  chemical, 
or  metabolic,  reactions.  This  is  because  enzymes  act  as 
catalysts  to  start  reactions  and  as  regulators  to  control  the  re¬ 
lease  of  energy.  ATP  is  the  molecule  used  to  store  energy. 


REVIEW  QUESTIONS _  _ 

1.  Describe  how  an  enzyme  functions. 

2.  How  do  enzymes  enable  the  cell  to  metabolize  without 

I  producing  excessive  heat? 

3.  What  is  phosphorylation?  Why  is  it  so  important? 

4.  Describe  a  chloroplast,  explaining  where  the  light  reac¬ 
tions  and  dark  reactions  take  place. 

5.  Where  does  aerobic  respiration  take  place?  What  controls 
the  process? 

6.  Respiration  without  oxygen  is  very  inefficient.  Explain. 

7.  What  is  the  net  gain  of  ATP  from  aerobic  respiration? 
From  glycolysis  and  aerobic  respiration? 


ANALYSIS  AND  APPLICATION _ 

1.  In  what  cells  of  your  body  would  you  expect  to  find  large 
quantities  of  mitochondria? 

2.  Organism  X  uses  glycolysis  as  its  sole  method  of  food 
breakdown.  What  can  you  guess  about  the  environment, 
activities,  and  characteristics  of  organism  X? 

3.  It  is  believed  that  the  atmosphere  of  the  primitive  earth 
contained  no  oxygen.  What  else  was  probably  missing  on 
the  primitive  earth?  Why? 


6  Cell 


The  Cell  Cycle 

6—1  The  basic  method  Cells  reproduce  by  cell  di¬ 
vision.  In  this  process,  one  cell  divides  into  two  cells. 
Each  resulting  cell,  called  a  daughter  cell,  is  about  half  the 
size  of  the  original  cell. 

A  major  event  that  occurs  before  cell  division  is  the  rep¬ 
lication  of  the  genetic  material,  or  DNA.  In  a  procaryotic 
cell  there  is  a  replication  of  the  long  chromosome  that  is 
wound  around  the  inside  of  the  cell.  In  a  eucaryotic  cell 
the  chromosomes  in  the  nucleus  replicate  and  are  later  dis¬ 
tributed  equally  to  the  two  daughter  cells.  The  process  by 
which  chromosomes  are  distributed  equally  during  cell  di¬ 
vision  of  eucaryotic  cells  is  called  mitosis  (ml  to'sis). 

It  is  interesting  to  note  that  some  cells  in  multicellular  or¬ 
ganisms  never  divide  after  a  certain  time  in  the  life  of  the 
organism.  Usually  these  are  cells  that  are  highly  special¬ 
ized.  For  example,  after  the  human  is  born,  nerve  cells  and 
muscle  cells  do  not  reproduce  themselves.  Nerve  cells  are 
highly  specialized  cells  that  carry  information.  Muscle  cells 
are  specialized  to  produce  movement. 

6—2  What  is  the  cell  cycle?  In  cells  that  are  ac¬ 
tively  dividing,  a  number  of  reproductive  processes  take 
place  with  each  division.  These  processes  make  up  the 
cell  cycle.  The  cycle  averages  about  20  h,  from  a  low  of 
several  minutes  to  a  high  of  several  years. 

There  are  two  main  stages  in  the  cell  cycle  of  eucaryotic 
cells.  The  first  main  stage  occurs  after  a  cell  has  divided 
and  before  the  next  division  occurs.  This  stage  is  called  in- 
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FIGURE  6-1 

The  cell  cycle  can  be  divided  into 
an  interphase  stage  and  a  cell 
division  stage. 
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INTERPHASE 


MITOSIS  AND  CYTOKINESIS 


terphase  (in'tor  faz).  Interphase  requires  about  19  of  the 
20  h  in  the  typical  cell  cycle.  The  second  main  stage  of  the 
cell  cycle  is  the  actual  cell  division,  which  usually  takes 
about  an  hour.  Within  the  two  major  stages  of  the  cell 
cycle  there  are  a  number  of  different  phases. 

6—3  Interphase:  the  S  phase  One  of  the  phases  of 
interphase  is  the  synthesis,  or  S  phase.  During  this  phase 
all  the  nuclear  DNA  replicates.  In  human  cells  and  in  many 
animal  cells  the  S  phase  requires  between  6  and  8  h. 

In  the  human  cell  there  are  chains  of  DNA  that  are  about 
2  m  long.  Replication  does  not  begin  at  one  end  of  a  DNA 
chain  and  proceed  along  its  length.  Replication  occurs  at 
the  same  time  at  many  different  places  along  a  chain. 

6—4  Interphase:  the  G  phases  The  phases  before 
and  after  the  S  phase  are  called  the  gap,  or  G  phases.  The 
first  G  phase,  called  the  Gi  phase,  occurs  just  after  cell  divi¬ 
sion  and  prior  to  the  S  phase.  The  Gi  phase  lasts  about  8  h. 
During  the  Gi  phase  certain  processes  occur  in  the  cell  that 
prepare  it  for  the  S  phase. 

The  second  G  phase  occurs  after  the  S  phase  and  is 
called  the  G2  phase.  The  G2  phase  lasts  about  AVi  h.  The 
processes  necessary  for  the  completion  of  cell  division  oc¬ 
cur  during  the  G2  phase.  A  great  increase  in  the  rate  of  pro¬ 
tein  synthesis  also  occurs  in  this  phase. 
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6—5  Cell  division:  two  stages  In  eucaryotic  cells 
there  are  two  distinct  but  overlapping  stages  of  cell  divi¬ 
sion.  In  the  first  stage,  mitosis,  one  complete  set  of  chromo¬ 
somes  goes  to  each  daughter  cell.  Mitosis  guarantees  that 
all  the  genetic  information  in  the  nuclear  DNA  of  the  par¬ 
ent  cell  will  go  to  each  daughter  cell. 

In  the  second  stage  of  cell  division  the  cytoplasm  and  its 
contents  divide.  This  process  is  cytokinesis  (si  to  ki 
ne'sis).  Cytokinesis  is  not  as  precise  a  process  as  mitosis. 
The  amount  of  cytoplasm  in  a  daughter  cell  will  be  about 
half  of  that  in  the  parent  cell.  Each  daughter  cell  will  have 
about  half  of  the  organelles  from  the  cytoplasm  of  the 
parent  cell.  But  there  is  no  precise  mechanism  working 
during  cytokinesis  that  guarantees  each  daughter  cell  will 
receive  exactly  half  of  the  parent  cell’s  cytoplasm  and  its 
organelles. 


CHECK  YOUR  FACTS 

1.  What  is  the  cell  cycle?  How  long  does  it  last? 

2.  What  is  meant  by  interphase? 

3.  What  occurs  during  the  S  phase? 

4.  What  are  the  two  stages  of  cell  division?  What  occurs  in 
each? 

5.  In  a  typical  20  h  cell  cycle,  how  long  does  cell  division 
take? 


Mitosis 

6—6  The  phases  of  mitosis  There  are  four  distinct 
phases  of  mitosis:  prophase,  metaphase,  anaphase,  and 
telophase.  These  phases  are  well-known  because  it  is 
possible  to  observe  them  with  the  light  microscope. 

6-7  Prophase  The  first  phase  of  mitosis  is  called 
prophase  (pro'faz).  During  this  phase  the  invisible 
threadlike  chromatin  material  of  the  nucleus  condenses 
into  doubled  chromosomes,  each  unit  of  which  is  called  a 
chromatid  (kro'mo  tid).  In  the  human  cell  there  are  92 
chromatids,  which  result  from  replication  of  the  46 
chromosomes  during  the  S  phase  of  interphase.  The 
chromatids  are  attached  at  one  place,  like  Siamese  twins. 
The  place  were  they  are  attached  is  called  the  kineto- 
chore  (ki  ne'ta  kor).  (The  point  of  attachment  is  also 
called  the  centromere.) 

In  cells  with  centrioles,  which  include  all  animal  cells, 
the  centrioles  replicate  during  early  prophase.  Later  during 
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The  photographs  and  art  above  show  the  stages  in  mitosis  in  an  onion 
cell. 


Courtesy  Carolina  Biological  Supply  Company 


prophase  the  daughter  eentrioles  begin  to  migrate  away 
from  the  two  parents.  Around  each  centriole,  filaments  de¬ 
velop  and  radiate  in  all  directions.  These  filaments  re¬ 
semble  a  flower  and  are  called  asters  (as'tarz).  During 
later  prophase  many  of  the  filaments  between  the  cen- 
trioles  lengthen  and  connect  with  each  other.  This  net¬ 
work  of  filaments  is  called  the  spindle  (spin'dol).  Late  in 
prophase  some  filaments  of  the  spindle  become  attached  to 
the  kinetochores,  which  link  the  chromatids.  In  human 
cells,  prophase  lasts  from  30  to  60  min. 

6—8  Metaphase  In  the  second  phase  of  mitosis, 
called  metaphase  (met' a  faz),  the  chromatids  become 
aligned  at  the  midregion,  or  equator,  of  the  cell.  At  this 
time  the  eentrioles,  if  present,  are  at  opposite  ends  of  the 
cell.  These  regions  are  called  the  poles. 

Also  during  metaphase  the  formation  of  the  spindle  is 
completed.  Metaphase  in  human  cells  requires  from  2  to 
6  min. 


6—9  Anaphase  At  the  beginning  of  anaphase  (an'o 
faz),  the  third  phase  of  mitosis,  the  kinetochores  divide  at 
one  time.  This  causes  the  chromatids  to  separate  into 
daughter  chromosomes.  The  daughter  chromosomes  then 
move  equally  to  each  pole. 


6—10  Telophase  The  fourth  stage  of  mitosis,  called 
telophase  (tel'o  faz),  begins  when  all  the  chromosomes 
reach  the  two  poles.  During  telophase  the  spindle  begins 
to  disappear.  Later  the  nuclear  membrane  reappears  and 
encloses  the  two  groups  of  chromosomes.  While  this  is 
happening,  the  chromosomes  begin  to  disappear  as  the 
chromatin  material  spreads  throughout  the  nucleus. 

Cytokinesis  also  begins  during  telophase.  In  animal  cells 
the  cytoplasm  begins  to  pinch  inward.  In  plant  cells  a  par¬ 
tition,  called  the  cell  plate,  begins  to  grow  and  divide  the 
cytoplasm.  Telophase  in  humans  is  quite  variable,  requir¬ 
ing  from  30  to  60  min. 

6-11  Cytokinesis  The  preliminary  steps  of  cytoki¬ 
nesis  occur  during  the  G  phases  of  the  cell  cycle.  In  the  G 
phases  various  membrane  structures,  such  as  the  endoplas¬ 
mic  reticulum  and  Golgi  bodies,  are  produced  out  of  com¬ 
ponents  in  the  cytoplasm.  Therefore,  before  cytokinesis, 
there  is  growth  in  the  size  of  the  cytoplasm  and  in  the 
number  of  its  organelles. 

During  the  G  phases  there  is  reproduction  of  the  mito¬ 
chondria  and  chloroplasts.  These  organelles  contain  their 


Mitosis  in  an  animal  cell  is  similar 
to  mitosis  in  a  plant  cell  except 
that  the  cytoplasm  pinches  in 
instead  of  a  cell  plate  forming. 
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own  DNA,  called  organelle  DNA,  and  their  reproduction 
includes  its  replication. 

Cytokinesis  usually  starts  during  telophase  and  contin¬ 
ues  after  the  nuclei  of  the  daughter  cells  are  completely 
formed.  However,  cytokinesis  does  not  always  occur  when 
mitosis  occurs.  In  some  cells,  such  as  those  found  in  cer¬ 
tain  molds,  mitosis  occurs  repeatedly  without  cytokinesis 
taking  place.  This  results  in  cells  with  several  nuclei. 


CHECK  YOUR  FACTS 

1.  Name  the  four  phases  of  mitosis. 

2.  What  is  a  chromatid?  When  is  this  first  visible? 

3.  What  is  the  spindle?  What  is  its  role  in  mitosis? 

4.  Where  are  the  chromatids  during  metaphase? 

5.  When  does  anaphase  begin  and  end? 


Meiosis 

6—12  Cell  reproduction  for  a  special  pur¬ 
pose  Cell  reproduction  occurs  for  a  number  of  reasons. 
It  occurs  in  the  growing  organism  and  is  a  part  of  the 
growth  process.  Cell  reproduction  also  occurs  when  older 
cells  become  worn  out  and  die,  or  when  cells  are  damaged 
as  the  result  of  an  injury  or  disease.  A  special  type  of  cell 
reproduction  also  occurs  when  organisms  reproduce 
themselves. 

During  sexual  reproduction  two  reproductive  cells,  one 
from  each  parent,  unite  to  form  one  cell.  That  cell  then  di¬ 
vides  and  produces  a  new  organism.  The  reproductive 
cell,  called  a  gamete  (gam'et),  is  a  unique  kind  of  cell.  It 
contains  only  one  set  of  chromosomes  instead  of  the  two 
sets  that  are  found  in  most  other  cells. 

Gametes  are  produced  in  the  cell  reproductive  process 
called  meiosis  (ml  o'sis).  Actually  cell  reproduction  oc¬ 
curs  twice  during  meiosis.  The  net  result  after  two  cell  di¬ 
visions  is  four  cells  from  one  cell.  Each  of  the  four  cells  has 
half  the  number  of  chromosomes  of  the  parent  cell. 

In  our  discussion  of  meiosis,  we  shall  distinguish  the 
two  cell  divisions  and  their  phases  by  the  numerals  I  and  U. 
To  simplify  the  explanation,  we  shall  describe  the  process 
of  meiosis  as  it  applies  to  a  cell  that  has  two  pairs  of 
chromosomes,  or  a  total  of  four  chromosomes. 

6—13  The  first  cell  division:  meiosis  I  During 
prophase  I,  the  first  phase  of  meiosis  I,  the  nuclear  mem¬ 
brane  disappears  and  the  chromosomes  become  visible. 


The  like  pairs  of  chromosomes,  called  homologous  (ho 
mol'a  gas)  chromosomes,  then  do  something  different 
from  what  is  observed  during  mitosis.  The  homologous 
chromosomes,  each  made  up  of  two  chromatids  attached  at 
the  kinetochore,  align  themselves  next  to  each  other.  The 
four  chromatids  make  up  a  tetrad  (tet'rad). 

While  the  four  chromatids  are  close  to  each  other,  they 
often  join  at  places  along  their  length  and  exchange 
chromatin.  This  process  is  called  crossing-over  and  will 
be  discussed  in  a  later  chapter. 


FIGURE  6-2 

The  stages  in  the  process  of 
meiosis  are  shown  in  this  figure. 


(A)  INTERPHASE  I 


(F)  ANAPHASE  I 


(G)  TELOPHASE  I 


(H)  INTERPHASE  II 


(I)  PROPHASE  II 


(j)  METAPHASE  11 


87 


KINETOCHORE 


FIGURE  6-3 

During  prophase  1 ,  chromatin 
material  may  be  exchanged 
between  the  chromatids.  This  is 
called  crossing-over. 
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These  sperm  cells  were  produced 
by  meiosis. 


At  the  end  of  prophase  I,  in  our  cell  with  two  pairs  of 
chromosomes,  there  are  eight  chromatids  arranged  in  two 
tetrads.  The  spindle  also  has  formed,  as  during  mitosis. 

In  metaphase  I  the  tetrads  become  aligned  along  the 
equator  of  the  spindle.  However,  the  kinetochores  do  not 
divide,  as  they  do  in  mitosis.  Therefore,  during  anaphase  I 
the  spindle  separates  the  pairs  of  homologous  chromatids, 
with  one  pair  going  to  each  pole.  Note  that  the  chromatids 
do  not  separate  during  meiosis  I. 

During  telophase  I  the  chromosomes  disappear,  the  nu¬ 
clear  membrane  forms,  and  cytokinesis  completes  the  first 
cell  division.  However,  DNA  replication  does  not  occur  in 
the  interphase  that  follows,  as  in  the  normal  cell  cycle. 

6—14  The  second  cell  division:  meiosis 

II  Meiosis  II  is  similar  to  the  process  of  mitosis.  The 
chromosomes  appear  and  the  nuclear  membrane  dis¬ 
appears  during  prophase  II.  During  metaphase  II  two  pairs 
of  chromatids  become  aligned  at  the  equator.  However, 
this  time  the  kinetochores  divide,  and  during  anaphase  two 
daughter  chromatids  are  pulled  to  each  pole  by  the 
spindle.  Telophase  occurs  as  in  mitosis,  and  cytokinesis 
completes  the  second  cell  division. 

6—15  The  result  of  meiosis  A  cell  that  contains 
two  complete  sets  of  chromosomes  is  called  a  diploid 
(dip'loid)  cell.  A  diploid  human  cell  contains  23  pairs  of 
chromosomes,  or  a  total  of  46  chromosomes. 

Meiosis  results  in  four  cells,  each  with  only  one  set  of 
chromosomes.  Such  a  cell  is  called  a  monoploid  (mon'a 
ploid)  cell.  (Another  name  for  a  monoploid  cell  is  haploid 
cell.)  A  monoploid  human  cell  has  only  23  chromosomes. 

Meiosis  solves  a  major  problem  for  sexually  reproducing 
organisms.  It  enables  gametes  to  be  formed  with  one  set  of 
chromosomes.  When  those  gametes  combine  during  the 
reproductive  process,  the  total  number  of  chromosomes 
becomes  the  proper  number  for  the  development  of  the  or¬ 
ganism.  In  humans,  two  gametes,  each  with  23  chromo¬ 
somes,  come  together  and  form  a  new  cell  with  46 
chromosomes.  This  is  the  proper  number  needed  for  hu¬ 
man  development.  Later,  as  the  new  cell  divides  and  mi¬ 
tosis  occurs,  each  resulting  human  cell  will  also  have  46 
chromosomes.  Not  until  the  human  reaches  sexual  matu¬ 
rity  do  special  organs  in  the  body  begin  to  produce 
gametes.  Then  meiosis  produces  monoploid  cells  that  con¬ 
tain  one  half  the  chromosomes  needed  to  develop  a  new 
human  being. 


CHECK  YOUR  FACTS 

1.  What  is  a  gamete?  What  is  the  process  called  that  produces 
a  gamete? 

2.  What  is  a  tetrad? 

3.  How  is  anaphase  in  meiosis  I  different  from  anaphase  in 
mitosis? 

4.  As  the  cell  enters  meiosis  II,  how  does  it  differ  from  a  cell 
about  to  divide  by  mitosis? 

5.  What  is  a  monoploid  cell?  How  does  it  compare  with  a 
diploid  cell? 

SUMMARY 

Cells  reproduce  themselves  by  cell  division.  Prior  to  actual  di¬ 
vision,  the  DNA  replicates.  The  process  by  which  DNA  is 
equally  distributed  during  cell  division  is  called  mitosis.  The 
processes  that  take  place  with  each  division  make  up  the  cell 
cycle.  The  period  between  divisions  is  called  interphase.  Dur¬ 
ing  this  time  the  cell  grows,  DNA  replicates,  organelles  repro¬ 
duce,  and  protein  synthesis  increases.  Cell  division  consists  of 
mitosis  followed  usually  by  cytokinesis.  Cytokinesis  is  the  di¬ 
vision  of  the  cytoplasm  and  its  contents. 

Organisms  that  reproduce  sexually  must  produce  a  special¬ 
ized  cell  called  a  gamete.  A  gamete  has  only  one  set  of 
chromosomes  instead  of  the  usual  two  sets.  The  process  by 
which  gametes  are  produced  is  called  meiosis.  Meiosis  has 
two  cell-division  phases  but  only  one  DNA  replication.  The 
result  is  four  monoploid  gametes  from  one  diploid  parent  cell. 

REVIEW  QUESTIONS 

1.  Distinguish  between  mitosis  and  cell  division. 

2.  Do  cells  divide  equally?  Explain. 

3.  How  does  cytokinesis  in  plants  vary  from  the  same  stage  in 
animals? 

4.  Meiosis  is  cell  reproduction  for  a  special  purpose.  Explain. 

5.  How  many  chromosomes  are  in  a  human  cell  that  has  re¬ 
sulted  from  mitosis?  From  meiosis? 

6.  Does  cytokinesis  always  follow  mitosis?  Explain. 

ANALYSIS  AND  APPLICATION 

1.  Explain  why  a  paralyzed  leg  resulting  from  damaged  nerve 
cells  cannot  heal  like  a  broken  leg. 

2.  If  you  wanted  to  count  the  chromosomes  in  a  cell  of  a  cer¬ 
tain  kind  of  plant,  where  would  you  look  for  such  a  cell? 

Cellular 


Movement  of  Liquids 


7—1  A  busy  place  Within  most  cells  there  are  an  in¬ 
credible  number  of  metabolic  reactions  going  on.  DNA  is 
replicating,  RNA  is  being  formed,  and  organelles  are  dupli¬ 
cating  themselves.  Thousands  of  proteins  are  being  synthe¬ 
sized  and  thousands  of  energy  transformation  reactions  are 
occurring.  For  every  metabolic  reaction,  raw  materials 
have  to  be  transported  or  by-products  have  to  be  removed. 
This  means  that  large  amounts  of  materials  have  to  be 
moved.  Materials  must  move  within  the  cells.  Materials  also 
have  to  be  moved  into  and  out  of  the  cell  environment.  If  it 
could  be  seen,  the  traffic  of  materials  within  and  around 
cells  would  appear  far  greater  than  that  on  the  busiest  free¬ 
ways. 


7—2  The  concentration  gradient  Every  sub¬ 
stance  is  made  up  of  molecules  that  are  in  constant  motion. 
In  solids  the  molecular  movement  is  limited  to  vibrations. 
In  liquids  the  molecules  can  move  freely  throughout  the 
body  of  the  liquid.  In  gases  the  molecules  are  free  to  move 
in  all  directions,  and  they  will  fill  any  container  in  which 
they  are  placed. 

In  the  cellular  environment,  we  are  concerned  with  the 
movement  of  liquids  and  the  substances  that  are  dissolved 
in  them.  One  such  type  of  movement  can  be  shown  by 
placing  a  drop  of  food  coloring  in  a  glass  of  water.  The  par¬ 
ticles  of  food  coloring  collide  with  each  other  and  are 
spread  apart  by  the  collisions.  The  particles  of  food  color¬ 
ing  also  collide  with  the  moving  water  molecules.  This  also 
causes  them  to  spread  apart. 


SCIENCE  TERMS 

concentration  gradient 

diffusion 

mass  flow 


When  crystals  of  dye  are  added 
to  water,  they  dissolve  and 
eventually  spread  throughout  the 
water. 
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FIGURE  7-1 

In  the  process  of  diffusion, 
materials  move  down  a 
concentration  gradient. 


The  movement  of  the  food-coloring  particles  in  water  is 
random.  This  means  that  there  is  an  equal  chance  that  any 
particle  will  move  in  any  direction.  However,  the  net 
movement  of  the  particles  is  from  a  region  where  they  are 
most  concentrated  to  a  region  where  they  are  less  concen¬ 
trated.  The  difference  between  a  region  of  high  concentra¬ 
tion  of  a  substance  and  a  region  of  lower  concentration  of 
a  substance  is  called  a  concentration  gradient.  We  can 
liken  the  concentration  gradient  to  a  downhill  slope.  For 
example,  we  say  the  net  movement  of  the  food-coloring 
particles  is  down  the  concentration  gradient. 

7—3  Diffusion  The  process  by  which  molecular  col¬ 
lisions  cause  a  substance  to  move  down  a  concentration 
gradient  is  called  diffusion  (di  fyu'  zhsn).  The  particles 
of  food  coloring  are  spread  throughout  water  by  the 
process  of  diffusion.  A  drop  of  perfume  released  in  the  cor¬ 
ner  of  a  room  can  also  be  spread  throughout  the  room  by 
diffusion.  However,  diffusion  is  a  very  slow  process.  Diffu¬ 
sion  occurs  in  the  cellular  environment,  but  that  method 
alone  is  not  nearly  fast  enough  to  keep  the  necessary  cellu¬ 
lar  traffic  moving.  Another  process  is  more  effective. 

7—4  Mass  flow  If  we  placed  a  drop  of  food  coloring 
in  a  glass  of  very  hot  water,  the  particles  in  the  food  color¬ 
ing  would  spread  rapidly.  Partly  this  is  because  in  hot 
water  the  molecules  move  faster,  increasing  the  number  of 
collisions.  But  more  important  are  the  currents  in  the 
water,  caused  by  hot  water  rising  and  cooler  water  set¬ 
tling.  The  currents  in  the  water  are  an  example  of  mass 
flow,  which  is  the  overall  movement  of  a  liquid,  caused 
by  gravity,  pressure,  or  some  other  force. 

Mass  flow  accounts  for  much  of  the  movement  of  liquids  ( 
and  dissolved  substances  in  the  cellular  environment.  An 
example  of  mass  flow  is  the  currents  that  are  found  in 
many  cells.  The  currents  sometimes  run  from  one  region 
of  the  cytoplasm  to  another,  like  a  river.  Other  currents  are 
short  up-and-down  movements  that  cause  the  cytoplasm  to 
look  somewhat  like  a  pot  of  boiling  water. 


CHECK  YOUR  FACTS 


1.  What  is  a  concentration  gradient?  How  does  this  deter¬ 
mine  the  direction  of  movement? 

2.  What  is  diffusion? 

3.  What  is  mass  flow? 

4.  Which  form  of  transport  is  more  efficient— diffusion  or 
mass  flow? 


Diffusion  Through  Membranes 

7-5  Osmosis  There  are  many  membranes  in  the  cel¬ 
lular  environment.  The  plasma  membrane  encloses  the 
cell.  The  nuclear  membrane  surrounds  the  nucleus.  Each 
of  the  organelles  is  enclosed  with  a  membrane.  Some  or¬ 
ganelles,  like  the  chloroplast  and  mitochondrion,  have 
membranes  throughout  their  interiors. 

Membranes  control  cellular  traffic.  They  are  selec¬ 
tively  permeable  (per'me  3  b^l),  which  means  that 
they  allow  only  certain  materials  to  pass  through  them. 
Water  passes  through  all  cell  membranes.  Substances  dis¬ 
solved  in  the  water  may  or  may  not  pass  through  the  mem¬ 
branes. 

The  diffusion  of  water  through  a  selectively  permeable 
membrane  has  a  special  name.  The  process  is  called  os¬ 
mosis  (oz  mo'sis). 

7—6  Osmosis  and  concentration  gradients  It 

is  important  to  understand  how  osmosis  occurs  in  cells 
and  organisms.  If  the  concentration  of  water  in  the  cellular 
environment  varies  only  slightly,  disastrous  results  can  oc¬ 
cur.  An  example  is  what  can  happen  to  red  blood  cells  in 
human  blood.  If  pure  water  is  added  to  the  blood,  osmosis 
causes  the  cells  to  swell  up  and  burst.  If  a  saltwater  solu¬ 
tion  with  slightly  more  salt  than  found  in  the  red  blood 
cells  is  added,  osmosis  causes  the  red  blood  cells  to  shrink. 
Can  you  explain  this  difference? 


Normal  red  blood  cells  are  shown  at  left.  Red  blood  cells  will  swell  if 
placed  in  pure  water  (middle).  They  will  shrink  in  saltwater  (right). 
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SCIENCE  TERMS 

selectively  permeable 
osmosis 


Like  all  forms  of  diffusion,  osmosis  occurs  along  a  con¬ 
centration  gradient.  The  example  of  osmosis  and  red  blood 
cells  shows  how  a  change  in  the  concentration  gradient 
can  change  the  direction  of  osmosis.  Inside  red  blood  cells 
there  is  a  saltwater  solution.  The  solution  is  about  0.9  per¬ 
cent,  which  means  that  for  every  100  mL  of  water  there  is 
0.9  g  of  dissolved  salt. 

If  pure  water  is  added  to  the  outside  environment  of  a 
red  blood  cell,  will  the  concentration  gradient  of  the  water 
be  toward  the  inside  or  outside  of  the  cell?  The  concentra¬ 
tion  gradient  will  be  toward  the  inside  of  the  cell.  The  rea¬ 
son  is  that  there  is  a  greater  concentration  of  water  outside 
the  cell  than  inside  the  cell.  Osmosis  will  cause  more  water 
to  enter  the  cell  than  to  leave  it.  The  cell  will  swell,  and 
eventually  the  expansion  will  rupture  the  plasma  mem¬ 
brane,  causing  destruction  of  the  cell. 

Suppose  a  2  percent  saltwater  solution  is  placed  outside 
the  red  blood  cell?  Now  the  concentration  of  water  is 
greater  inside  the  cell  than  outside  the  cell.  Osmosis  will 
cause  water  to  flow  out  of  the  cell  into  the  outside  environ¬ 
ment.  The  cell  volume  will  decrease.  The  cell  will  shrink. 

7—7  Osmosis  and  plants  Normally  the  concentra¬ 
tion  gradient  around  plant  roots  is  toward  the  root  cells. 
Thus  osmosis  causes  water  to  move  from  outside  the  plant 
into  the  roots.  Now  you  can  understand  how  plants  can  be 
killed  by  pouring  a  saltwater  solution  on  them.  A  saltwater 
solution  can  change  the  concentration  gradient  so  that  os¬ 
mosis  occurs  in  the  opposite  direction.  Water  diffuses  out¬ 
ward  from  the  roots,  causing  the  plant  to  wither  and  even¬ 
tually  die. 


FIGURE  7-2  If  the  concentration  gradient  around  a  plant  cell  is  toward 
the  outside,  osmosis  will  cause  water  to  leave  the  cell  and  it  will  shrink. 
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Overfertilization  also  can  cause  plants  to  die  for  the  same 
reason.  The  fertilizer,  when  dissolved  in  the  water  in  the 
soil,  can  change  the  concentration  gradient  so  that  osmosis 
drains  water  from  the  plant.  One  way  to  save  plants  that 
have  been  overfertilized  is  to  add  large  quantities  of  water 
so  that  the  fertilizer  becomes  diluted.  If  diluted  enough,  the 
concentration  gradient  can  be  changed  so  that  there  is  a 
greater  concentration  of  water  outside  the  plant  roots. 
Then  osmosis  will  occur  in  the  proper  direction. 


CHECK  YOUR  FACTS 


1.  How  do  membranes  in  the  cellular  environment  control 
traffic  in  the  cell? 

2.  What  is  osmosis?  How  is  it  affected  by  the  concentration 
gradient? 

3.  If  salt  is  added  to  the  water  surrounding  a  cell,  what  might 
happen  to  the  cell? 

4.  In  the  cell  mentioned  above,  is  any  water  moving  into  the 
cell  after  the  salt  is  added? 

5.  Why  can  a  saltwater  solution  kill  a  plant? 


Other  Forms  of  Cell  Transport 


7— 8  Facilitated  diffusion  Glucose  and  some 
other  raw  materials  needed  by  the  cell  cannot  diffuse 
through  the  plasma  membrane.  Then  how  do  they  get  in¬ 
side  the  cell?  One  method,  called  facilitated  (fo  sil's  ta 
tid)  diffusion,  makes  use  of  a  carrier  molecule.  A  mole¬ 
cule  such  as  a  protein,  which  can  pass  through  the  plasma 
membrane,  temporarily  binds  itself  to  a  molecule  of  glu¬ 
cose.  The  protein-glucose  combination  molecule  moves 
into  the  cell,  where  the  glucose  is  then  released.  Biologists 
are  not  sure  how  a  giant  molecule  like  a  protein  gets 
through  the  plasma  membrane  but  the  much  smaller  glu¬ 
cose  molecule  by  itself  cannot. 

7-9  Active  transport  Some  cells  are  able  to  move 
substances  across  the  plasma  membrane  against  a  concen¬ 
tration  gradient.  This  process  is  called  active  transport. 
Active  transport  occurs  in  the  cells  that  line  the  human 
small  intestine.  Molecules  such  as  amino  acids  and  glucose 
continually  diffuse  into  the  cells,  even  though  there  is  a 
greater  concentration  of  them  outside.  Carrier  molecules 
are  used  during  active  transport.  Also,  energy  in  the  form 
of  ATP  is  necessary  to  move  materials  against  a  concentra¬ 
tion  gradient. 


SCIENCE  TERMS 

facilitated  diffusion 

active  transport 

phagocytosis 

pinocytosis 

endocytosis 

exocytosis 


FIGURE  7-3 

Through  the  process  of 
exocytosis,  material  within  the 
cell  can  be  released  into  the 
outside  environment. 


A  vesicle  containing 
material  to  be  secreted 
approaches  the  cell  envelope 


This  amoeba  is  consuming  paramecia  by  the  process  of  phagocytosis. 
One  paramecium  has  already  been  ingested. 


7—10  Endocytosis  Another  way  substances  can 
move  across  the  plasma  membrane  is  in  vacuoles,  which 
are  cavities  within  the  cell.  An  example  is  the  process  of 
phagocytosis  (cell  eating)  by  which  cells  take  in  solid 
objects.  During  phagocytosis  the  plasma  membrane  sur¬ 
rounds  an  object  and  eventually  encloses  it,  forming  a  vac¬ 
uole.  Then  the  vacuole  is  released  from  the  plasma  mem¬ 
brane  and  moves  to  the  interior  of  the  cell.  A  similar 
process,  called  pinocytosis  (cell  drinking),  enables  the 
cell  to  take  in  materials  in  liquid  solutions.  Sometimes  both 
processes,  phagocytosis  and  pinocytosis,  are  together  de¬ 
scribed  by  the  term  endocytosis  (en  do  si  to'sis). 


and  fuses  with  it  so  the 


inside  of  the  veside  becomes 
continuous  with  the  outside 
of  the  cell 


and  the  vesicle's  contents 
can  be  deposited  outside. 


7—11  Exocytosis  Cells  also  can  export  materials 
across  the  plasma  membrane  in  vacuoles.  This  process  is 
called  exocytosis.  In  exocytosis  the  vacuole  forms  inside 
the  cell.  It  migrates  to  the  edge  of  the  cell  and  fuses  with 
the  plasma  membrane.  Then  the  membrane  around  the 
vacuole  separates,  and  the  object  is  released  outside  the 
cell. 

Exocytosis  is  the  process  by  which  most  proteins  are 
probably  exported  from  cells  where  they  are  synthesized. 
They  are  first  “packaged”  inside  the  sacs  of  the  Golgi  appa¬ 
ratus.  Then  the  sacs,  which  are  large  vacuoles,  separate 
from  the  Golgi  apparatus  and  move  to  the  plasma  mem- 
bane,  where  they  are  released. 
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CHECK  YOUR  FACTS 

1.  Describe  facilitated  diffusion. 

2.  What  is  active  transport?  What  is  required  to  achieve  it? 

3.  Where  might  one  find  active  transport  in  the  human  body? 

4.  What  are  two  types  of  endocytosis?  What  distinguishes 
them? 

5.  What  cell  structure  is  a  product  of  endocytosis? 

6.  Describe  exocytosis. 

7.  In  what  organelle  are  proteins  for  export  by  exocytosis 
enclosed  in  vacuoles? 


SUMMARY 


For  each  of  the  thousands  of  metabolic  reactions  in  a  cell,  raw 
materials  and  finished  products  must  be  transported.  Move¬ 
ment  must  occur  within  a  cell  as  well  as  between  the  cell  and 
its  environment. 

Molecular  collisions  cause  diffusion,  the  simplest  mode  of 
transport.  Diffusion  moves  substances  down  a  concentration 
gradient  from  areas  of  high  concentration  to  areas  of  lower 
concentration.  A  more  efficient  method  of  transport  is  mass 
flow,  which  is  the  overall  movement  of  a  liquid  caused  by  a 
physical  force,  such  as  gravity  or  pressure.  Osmosis  is  the  dif¬ 
fusion  of  water  through  a  selectively  permeable  membrane. 


REVIEW  QUESTIONS 

1.  What  is  the  function  of  a  selectively  permeable  mem¬ 
brane? 

2.  What  is  osmosis?  Can  salt  be  transported  by  osmosis? 

3.  What  would  happen  to  a  freshwater  organism  that  was 
placed  in  a  saltwater  solution?  Explain. 

4.  Is  size  the  only  factor  that  determines  whether  or  not  a 
molecule  will  pass  through  the  plasma  membrane?  Ex¬ 
plain. 

5.  How  does  active  transport  differ  from  diffusion? 

6.  Why  does  diffusion  occur?  Why  is  diffusion  less  effective 
in  organisms  than  mass  flow? 


ANALYSIS  AND  APPLICATION 

1.  Can  you  think  of  an  advantage  of  endocytosis  over  other 
forms  of  transport  across  cell  membranes? 

2.  What  might  you  do  to  a  lawn  that  has  been  overfertilized 
to  save  it  from  drying  out  or  “burning”?  Why  might  your 
technique  work? 


UNIT  1  REVIEW 


1.  Botany,  zoology,  and  microbiology  are  the  major 
branches  of  biology.  However,  there  are  many  special¬ 
ized  branches  in  addition  to  these.  Find  out  what  the  fol- 
lowing  specialized  branches  of  biology  are  concerned 
with:  cytology,  histology,  embryology,  physiology,  anat¬ 
omy,  pathology,  mycology,  ornithology,  herpetology, 
endocrinology. 

2.  Jane  van  Lawick-Goodall  is  a  well-known  biologist  in  the 
field  of  animal  behavior.  Find  out  what  animals  she  has 
been  studying.  What  biological  methods  are  important  in 
her  works? 

3.  Many  scientists  made  important  contributions  to  the  cell 
theory.  Using  library  facilities,  write  a  report  on  the  con¬ 
tributions  of  one  of  the  following:  Rene  Dutrochet, 
Matthias  Schleiden,  Theodor  Schwann. 

4.  Read  about  the  experiments  of  Francesco  Redi  and  Louis 
Pasteur  dealing  with  spontaneous  generation.  Under  the 
supervision  of  your  teacher,  set  up  a  similar  experiment 
to  test  the  theory  of  spontaneous  generation  in  your 
laboratory. 

5.  With  your  teacher’s  permission  and  supervision,  exam¬ 
ine  slides  of  plant  and  animal  cells  from  the  school’s  col¬ 
lection.  Make  sketches  and  label  any  structures  that  you 
can  identify. 

6.  What  are  some  structural  differences  between  plant  cells 
and  animal  cells?  What  are  some  structural  similarities? 

7.  A  strand  of  DNA  has  the  following  sequence  of  bases: 
guanine  —  thymine  —  guanine  —  adenine  —  cytosine  — 
cytosine — thymine — guanine  —  adenine — adenine — gua¬ 
nine-cytosine.  Determine  the  base  sequence  of  the 
complementary  strand  of  DNA.  Determine  the  base  se¬ 
quence  of  a  strand  of  RNA  produced  from  the  first  strand 
of  DNA. 

8.  What  are  the  different  roles  of  mRNA,  rRNA,  and  tRNA 
in  the  cell? 

9.  Why  is  there  some  controversy  connected  with  recombi¬ 
nant  DNA  research?  Find  out  what  actions  have  been 
taken  by  government  and  scientific  leaders  concerning 
this  controversy. 

10.  How  do  enzymes  function  in  cells?  Make  a  sketch  of  en¬ 
zyme  action  to  help  clarify  your  explanation. 

11.  Why  is  photosynthesis  of  such  importance  to  all  forms  of 
life  on  earth? 

12.  With  your  teacher’s  permission  and  supervision,  exam¬ 
ine  slides  of  plant  and  animal  mitosis  from  the  school’s 
collection.  Sketch  and  identify  the  various  stages. 
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In  the  mid- 1800s  the  German  biologist 
Rudolf  Virchow  made  a  statement 
about  life  that  can  serve  to  introduce 
this  unit.  He  said  that  every  cell  can 
originate  only  from  another  cell. 
Therefore,  every  cell  in  every  organism 
that  is  alive  today  has  come  from  cells 
that  were  in  organisms  that  are  no 
longer  alive.  Also,  the  cells  that  are  the 
ancestors  of  today's  organisms  came 
from  organisms  that  lived  further  in  the 
past.  Thus,  there  has  been  a  continuous 
stream  of  life  through  the  ages— a 
continuity.  This  unit  explains  how  and 
why  this  continuity  of  life  occurs. 


8  How  Traits 


Are  Inherited 


Mendel’s  Early  Experiments 

8-1  The  science  of  genetics  Young  sponges,  al¬ 
ligators,  pine  trees,  and  humans  resemble  their  parents. 
Why?  Because  every  parent  gives  its  offspring  at  least  one 
set  of  genes  from  its  own  body.  You  will  recall  from  Chap¬ 
ter  4  that  a  gene  is  a  section  of  a  DNA  molecule  that  con¬ 
tains  instructions  for  building  one  part  of  a  protein.  A  total 
set  of  genes  contains  instructions  for  building  all  the  pro¬ 
teins  in  an  individual’s  body.  Some  proteins  make  up  much 
of  the  structure  of  an  individual.  Many  other  proteins  are 
enzymes  that  control  most  functions  in  individuals.  There¬ 
fore,  the  genes  that  come  from  parents  largely  determine 
the  structure  and  function  in  a  new  individual.  That  is  why 
young  sponges,  alligators,  pine  trees,  humans,  and  all 
other  organisms  resemble  their  parents. 

There  is  a  specialized  branch  of  biology  devoted  to  the 
study  of  genes  and  how  they  interact  with  each  other  in 
the  development  of  new  organisms.  That  branch  of  biol¬ 
ogy  is  called  genetics  (ja  net'iks).  Genetics  began  in  the 
mid- 1800s  in  a  small  town  in  what  is  now  Czechoslovakia. 
The  founder  of  the  science  was  an  Augustinian  monk 
named  Gregor  Mendel. 

8—2  Mendel  and  garden  peas  In  the  mid- 1800s 
nothing  was  known  about  DNA  or  genes.  Nor  were  any 
facts  known  about  the  inheritance  of  characteristics  from 
parents  to  offspring.  Gregor  Mendel  changed  all  that.  Over 
a  period  of  years,  he  carried  out  a  series  of  experiments  in 
the  gardens  of  his  monastery.  He  experimented  by  breed- 


Gregor  Mendel’s  work  with 
garden  peas  laid  the  foundation 
for  the  science  of  genetics. 
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FIGURE  8- 1  This  figure  shows  the  structure  of  the  garden  pea  flower 
that  Mendel  used  in  his  experiments. 


ing  the  garden  pea.  He  selected  the  garden  pea  because 
there  were  at  least  34  different  varieties  that  he  could  pur¬ 
chase  at  that  time.  Also  the  garden  pea  had  an  advantage 
over  other  plants  because  of  its  unique  flower.  The  repro¬ 
ductive  organs  in  the  flower  are  enclosed,  so  that  insects  do 
not  normally  reach  them.  Each  flower  normally  fertilizes  it¬ 
self.  This  means  that  the  male  and  female  gametes,  which 
contain  the  genetic  information,  unite  within  the  flower 
in  which  they  are  produced.  In  flowers  that  are  cross- 
fertilized,  the  male  gametes  are  usually  carried  by  wind  or 
insects  to  other  flowers. 

Before  starting  his  experiments,  Mendel  raised  several 
varieties  of  garden  peas  to  be  sure  that  they  would  breed 
“true.”  In  other  words,  he  made  sure  that  a  variety  that 
was  supposed  to  produce  yellow  peas  did,  indeed,  pro¬ 
duce  yellow  peas  all  the  time. 


RECESSIVE 


8—3  Mendel’s  first  experiments  Mendel’s  first 
.experiments  were  crossbreeding  experiments.  He  col¬ 
lected  pollen,  which  contained  the  male  gametes,  from  one 
variety  of  garden  pea  and  placed  it  on  the  female  reproduc¬ 
tive  organs  of  another  variety  of  garden  pea.  The  male 
gametes  fertilized  the  female  gametes,  resulting  in  fertilized 
egg  cells.  Each  fertilized  egg  cell  resulting  from  the  cross¬ 
fertilization  developed  into  a  seed  containing  a  small  new 
plant.  Each  new  plant  contained  genetic  information  from 
both  parents. 

In  his  first  crossbreeding  experiments,  Mendel  crossed 
varieties  that  had  two  contrasting  characteristics,  or 
traits.  For  example,  he  crossed  a  variety  that  produced 
round  seeds  with  a  variety  that  produced  wrinkled  seeds. 
A  few  months  later,  when  he  examined  the  offspring  of 
this  cross,  called  the  first  filial  generation  (Fj),  he 
found  some  surprising  results. 

8—4  The  results  of  Mendel’s  first  experi¬ 
ments  When  Mendel  examined  the  seeds  that  were  pro¬ 
duced  by  the  round-wrinkled  cross,  he  discovered  that  all 
the  seeds  were  round.  None  were  wrinkled.  Likewise, 
when  he  examined  the  results  of  other  crosses,  he  found 
that  only  one  trait  survived  in  the  offspring.  For  example, 
in  the  cross  between  a  yellow  pea  variety  and  a  green  pea 
variety,  all  the  seeds  were  yellow. 

The  traits  that  appeared  in  the  ¥1  generation  Mendel 
called  dominant  (dom'a  nsnt)  traits.  The  traits  for  round 
and  yellow  seeds  were  dominant  traits.  The  other  traits— 
those  that  seemed  to  disappear  after  the  first  crossbreeding 
experiment— were  called  recessive  (ri  ses'iv)  traits.  The 
traits  for  wrinkled  and  green  seeds  were  recessive  traits. 

8-5  The  Ft  cross  The  next  year  Mendel  planted  the 
seeds  of  the  Fx  generation  and  let  them  fertilize  themselves. 
Later,  when  he  examined  the  mature  plants  and  their 
seeds,  he  found  surprising  results.  The  recessive  traits  had 
not  disappeared  after  all.  The  round  seeds  of  the  ¥1  gener¬ 
ation  produced  both  round  and  wrinkled  seeds.  Likewise, 
the  Fx  yellow  seeds  produced  plants  that  grew  both  yellow 
and  green  seeds. 

Such  results  would  probably  have  confused  most  plant 
breeders.  However,  Mendel  had  been  trained  in  mathemat¬ 
ics  and  he  thought  in  terms  of  numbers  and  statistics.  He 
decided  to  count  and  tabulate  the  thousands  of  peas  that 
resulted  in  the  second  filial  generation  (F2>— the  off¬ 
spring  of  the  Fx  generation.  The  results  of  his  work  were 
startling.  There  was  a  definite  ratio  between  the  two  traits 
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FIGURE  8-2 

Some  of  the  traits  that  Mendel 
studied  in  his  experiments  on 
garden  peas  are  shown  in  this 
figure. 
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Mendel’s  Results  with  Two  Generations  of  Garden  Peas 

Traits  Selected  For  Cross 

Ft  Plants 

F/  Self-pollination 

F 2  Plants 

Actual 

F?  Ratio 

m  ■  • 

5  474  round  seeds 

1  850  wrinkled  seeds 

7  324  Total 

2.96:1 

• 

* 

6  022  yellow  seeds 

2  00 1  green  seeds 

8  023  Total 

3.01:1 

dfe  -Jb 

mm 

705  gray  seed  coats 
224  white  seed  coats 

929  Total 

3-15:1 

/ 

882  inflated  pods 

299  wrinkled  pods 

1  181  Total 

2.95:1 

/  ■/ 

/ 

/v 

428  green  pods 

152  yellow  pods 

580  Total 

2.82:1 

0 

00 

65 1  axial  flowers 

207  terminal  flowers 

858  Total 

314:1 

0 *  & 

0 

0’0 

787  long  stems 

277  short  stems 

1  064  Total 

2.84:1 

FIGURE  8-3  When  Mendel  tabulated  the  result  of  his  F2  generation,  he 
found  a  3  to  1  ratio  of  dominant  to  recessive  traits. 


in  the  F2  generation.  In  Figure  8-3  you  will  see  that  the  ra¬ 
tio  between  dominant  and  recessive  traits  was  about  3:1. 
For  every  three  peas  with  the  dominant  trait,  there  was  one 
with  a  recessive  trait. 

8—6  Trying  to  explain  the  results  For  many  sci¬ 
entists  the  most  interesting  part  of  an  experiment  is  at¬ 
tempting  to  explain  the  results  that  are  obtained.  Mendel 
must  have  enjoyed  the  challenge  of  trying  to  explain  his  F2 
generation. 

Mendel  probably  borrowed  an  idea  from  his  training  in 
algebra  when  he  used  letter  symbols  for  the  different  traits 
of  the  garden  peas.  We  will  follow  his  practice,  using  a 
capital  letter  (R)  to  symbolize  the  dominant  round  trait 
and  a  small  letter  (r)  for  the  recessive  wrinkled  trait. 
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We  know  that  Mendel  began  to  think  in  terms  of  proba¬ 
bility  (prob  9  bil'3  te).  Probability  is  the  branch  of  sta¬ 
tistical  arithmetic  that  tries  to  predict  the  results  of  chance 
events. 


8-7  Probability  A  simple  way  to  understand  prob¬ 
ability  is  to  try  to  predict  the  result  of  tossing  a  coin,  which 
is  a  chance  event.  There  is  an  equal  chance  of  tossing  a 
head  or  a  tail.  Thus  there  are  two  possible  results,  and  the 
probability  of  either  result  occurring  is  expressed  as  a  frac¬ 
tion.  The  numerator  of  the  fraction  is  the  number  of  results 
that  are  expected.  The  denominator  is  the  number  of  re¬ 
sults  that  are  possible.  Therefore  the  probability  of  a  coin 
landing  a  head  or  a  tail  after  the  first  toss  is  expressed  as 
the  fraction  Vi— one  result  is  expected  and  two  results  are 
possible. 

It  is  important  to  realize  that  probability  statements  are 
not  accurate  predictions.  A  tossed  coin  might  land  heads 
five  times  in  a  row.  But  the  probability  of  tossing  a  head 
the  sixth  time  is  still  Vi. 

A  fact  to  remember  about  probability  is  that  the  predic¬ 
tions  have  a  better  chance  of  being  accurate  when  there 
are  a  large  number  of  events.  For  example,  if  you  flip  a 
coin  10  times,  the  result  could  easily  be  six  heads  and  four 
tails.  But  if  you  flip  a  coin  1  000  times,  the  results  are  not 
likely  to  be  600-400.  The  results  are  much  more  likely  to 
be  nearer  the  Vi  probability,  or  closer  to  500-500. 

8—8  Probability  and  Mendel’s  JFi  gener¬ 
ation  Mendel  reasoned  that  the  gamete  of  each  parent 
contributes  some  inheritance  “factor”  to  every  offspring 
for  every  trait.  Thus  he  reasoned  that  a  true-breeding 
round  variety  of  garden  pea  would  contribute  an  R  from 
the  male  and  an  R  from  the  female.  Offspring  produced 
from  true-breeding  parents  with  round  seeds  would  be  de¬ 
scribed  as  RR.  Likewise,  offspring  from  true-breeding  par¬ 
ents  with  wrinkled  seeds  would  be  described  as  rr. 

Using  symbols  and  probability,  Mendel  next  diagramed  a 
cross  between  two  true-breeding  varieties: 

RR  X  rr 

In  the  cross,  each  parent  contributes  one  gamete.  From 
the  RR  parent  the  gamete  can  contain  either  an  R  or  an  R 
because  both  factors  are  alike.  The  same  applies  to  the  rr 
parent,  which  can  contribute  gametes  with  an  r  or  an  r. 
See  Figure  8-4.  Therefore,  in  the  cross  between  the  RR 
and  rr,  which  are  chance  events,  the  probability  for  each 
offspring  is  shown  on  the  following  page. 


FIGURE  8-4 

If  a  plant  that  breeds  true  for  a 
dominant  trait  is  crossed  with  one 
that  breeds  true  for  a  recessive 
trait,  only  the  dominant  trait 
appears  in  the 
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SCIENCE  TERMS 

genetics 

traits 

first  filial  generation  (Fa) 

dominant 

recessive 

second  filial  generation  (F2) 
probability 

FIGURE  8-5 

If  the  F!  generation  is  allowed  to 
self-fertilize,  a  3  to  1  ratio  of 
dominant  to  recessive  traits  will 
appear  in  the  F2. 


‘A  probability  the  Fx  seeds  will  be 
Rr  (round  seeds) 

‘A  probability  the  Fj  seeds  will  be 
Rr  (round  seeds) 

'A  probability  the  Fj  seeds  will  be 
Rr  (round  seeds) 

*A  probability  the  Fx  seeds  will  be 
Rr  (round  seeds) 

It  is  obvious  that  there  are  four  possible  combinations  of 
factors  but  that  they  all  result  in  the  same  combination. 
Since  the  probability  for  each  occurrence  is  the  same,  the 
fractions  can  be  added.  The  result,  %,  or  1,  says  that  all  off¬ 
spring  will  be  Rr.  Since  R  is  dominant  over  r,  all  plants  of 
the  Fi  generation  should  produce  round  seeds.  None 
should  produce  wrinkled  seeds.  That  is  how  Mendel  ex¬ 
plained  the  results  he  obtained  in  his  Fi  generation. 

8—9  Explaining  Mendel’s  f2  generation 

Mendel  still  had  to  explain  the  3: 1  ratio  that  he  obtained  in 
his  F2  generation.  Here  is  how  that  was  explained.  First  we 
must  diagram  the  cross-. 

Rr  X  Rr 

Each  male  gamete  can  carry  either  an  R  factor  or  an  r  fac¬ 
tor.  Likewise  each  female  gamete  can  carry  either  an  R  or 
an  r.  Thus  the  probabilities  during  fertilization  are: 

‘A  probability  the  F2  generation  will  be 
RR  (round  seeds) 

*A  probability  the  F2  generation  will  be 
Rr  (round  seeds) 

‘A  probability  the  F2  generation  will  be 
rR  (round  seeds) 

‘A  probability  the  F2  generation  will  be 
rr  (wrinkled  seeds) 

See  Figure  8-5  for  a  diagram  of  this  cross.  It  is  assumed  that 
Rr  =  rR;  the  dominant  factor  is  always  written  first.  Thus 
the  probabilities  for  Rr  and  rR  are  the  same  and  we  can 
add  V4  +  Va  to  obtain  a  Vi  probability  that  the  F2  generation 
will  be  Rr  (round  seeds). 

In  the  cross  between  Rr  and  Rr  there  are  three  possible 
combinations  that  can  result  in  the  F2  generation:  RR,  Rr, 
and  rr.  The  RR  and  Rr  will  look  the  same;  both  will  have 
round  seeds.  Thus  there  is  a  3A  probability  ( Va  +  Vi)  that 
the  Fo  seeds  will  be  round  and  a  Va  probability  that  they 
will  be  wrinkled.  Three-fourths  probability  means  that 
three  out  of  every  four  are  likely  to  be  round  seeds.  One 
out  of  every  four  is  likely  to  be  a  wrinkled  seed.  This  is  a 
3:1  ratio,  which  is  how  Mendel’s  F2  generation  turned  out. 
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CHECK  YOUR  FACTS 


1.  How  do  genes  determine  much  of  the  structure  of  an  or¬ 
ganism? 

2.  With  what  is  the  science  of  genetics  concerned?  Who 
founded  this  science? 

3.  Why  did  Mendel  choose  the  garden  pea  for  his  research? 

4.  On  what  basis  were  the  parent  plants  chosen  for  Men¬ 
del’s  crossbreeding  experiments?  What  was  surprising 
about  the  first  filial  generation? 

5.  Why  did  Mendel  call  the  trait  for  wrinkled  seeds  a  reces¬ 
sive  trait? 

6.  What  were  the  results  of  Mendel’s  Fi  cross? 

7.  What  is  probability?  What  does  a  probability  of  Vi  mean? 

8.  Using  probability"  determine  the  nature  of  the  Fx  gener¬ 
ation  of  the  following  cross:  TT  (tall  plants)  x  tt  (short 
plants). 

9-  If  the  Fi  generation  above  fertilized  themselves,  what  re¬ 
sults  would  you  expect?  Diagram  the  cross  and  give  the 
probability  for  each  combination  of  genes. 

10.  The  trait  for  yellow  peas  is  dominant  over  the  trait  for 
green  peas.  If  two  plants  that  produce  yellow  peas  were 
crossbred,  how  would  you  determine  whether  or  not 
these  plants  were  true-breeding  for  this  trait? 

11.  How  long  would  it  take  to  gather  the  evidence  needed  in 
the  question  above? 


More  Experiments 

8—10  More  terms  Mendel  performed  more  breeding 
experiments  with  garden  peas.  But  to  discuss  them  we 
shall  introduce  some  modern  terms  that  Mendel  never 
heard  of.  Today  we  know  that  Mendel’s  “factors,”  which 
are  contributed  by  each  parent,  are  genes.  Two  or  more 
related  genes,  which  control  a  trait  such  as  round  or 
wrinkled  peas,  are  called  alleles  (o  lelz').  The  two  alleles 
for  round  peas  are  symbolized  RR  or  Rr,  while  the  alleles 
for  wrinkled  peas  are  rr. 

The  actual  alleles  possessed  by  an  individual  are  called 
the  individual’s  genotype  (jen'o  tip).  The  genotype  of  a 
round  pea  would  be  RR  or  Rr.  The  genotype  of  a 
wrinkled  pea  would  be  rr. 

The  actual  appearance  of  an  individual,  or  the  physical 
result  of  having  a  certain  pair  of  alleles,  is  called  the  phe¬ 
notype  (fe'ns  tip).  Round  is  a  phenotype.  Wrinkled,  yel¬ 
low,  and  green  are  other  phenotypes. 
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8—11  The  testcross  Mendel’s  explanations  for  his 
experimental  results,  called  hypotheses,  needed  to  be 
tested  in  some  way.  For  this  purpose  he  designed  a  breed¬ 
ing  experiment  that  has  since  become  known  as  the  test- 
cross,  or  backcross. 

Mendel  believed  that  the  round  seeds  from  his  Fi  gener¬ 
ation  had  the  genotype  Rr.  He  decided  to  cross  these  with 
true-breeding  wrinkled  seeds,  which  he  believed  to  have 
the  genotype  rr.  The  cross  can  be  diagramed  this  way: 

Rr  X  rr 

Mendel  predicted  the  probable  genotypes  as  follows: 

XA  probability  of  genotype  Rr 
‘A  probability  of  genotype  Rr 
lA  probability  of  genotype  rr 
XA  probability  of  genotype  rr 

By  adding  the  probabilities  for  the  four  genotypes,  we 
obtain  a  probability  of  Vi  that  the  phenotype  of  the  off¬ 
spring  will  be  round  seeds.  Also  there  would  be  a  V2  prob¬ 
ability  of  wrinkled  seeds.  In  other  words,  the  round  and 
wrinkled  phenotypes  should  be  about  half  and  half  when 
the  seeds  from  such  a  testcross  are  counted.  The  results  of 
Mendel’s  testcross  were  106  round  peas  and  101  wrinkled 
peas.  These  results  greatly  strengthened  his  hypotheses. 


FIGURE  8-6 

In  the  testcross  the  Fj  generation 
is  crossed  with  the  true-breeding 
recessive  parent.  A  1  to  I  ratio  of 
dominant  to  recessive  traits 
appears. 


8—12  Producing  dihybrids  In  other  breeding  ex¬ 
periments,  Mendel  produced  varieties  of  garden  peas  that 
combined  two  traits.  For  example,  he  produced  true- 
breeding  varieties  with  phenotypes  that  were  round-yel¬ 
low  and  wrinkled-green.  The  genotypes  for  such  varieties 
are  written  RRYY  and  rryy.  Because  the  varieties  breed 
true  and  the  alleles  are  the  same,  each  variety  is  said  to  be 
homozygous  (ho  mazi'gas). 

Next,  Mendel  crossed  round-yellow  peas  with  the 
wrinkled-green  peas  (RRYY  x  rryy).  A  diagram  of  the 
cross  and  the  results  are  pictured  in  Figure  8-7.  Note  that 
all  the  genotypes  of  the  Fi  generation  of  that  cross  are 
RrYy  and  have  alleles  that  are  unlike.  Such  a  genotype  is 
said  to  be  heterozygous  (het  ar  a  zl'gas).  Individuals 
that  are  heterozygous  for  any  trait  are  hybrid  (hTbrid). 
Also,  individuals  may  be  heterozygous  for  two  traits.  Such 
individuals  are  dihybrid  (dl  hTbrid).  The  phenotype  of 
all  the  dihybrids  is  round-yellow. 


8—13  The  dihybrid  cross  Mendel  then  let  his  Fi 

dihybrids  fertilize  themselves  in  what  is  now  called  a  dihy¬ 
brid  cross.  But  before  we  can  establish  the  probabilities  for 
the  genotype  and  phenotype  of  the  offspring,  a  question 
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has  to  be  answered.  Are  the  different  alleles  always  linked 
together  in  the  gametes  or  are  they  distributed  indepen¬ 
dently?  In  other  words,  does  the  R  allele  always  go  where 
the  Y  allele  goes,  or  can  a  gamete  contain  an  Ry  com¬ 
bination?  Mendel  discovered  that  the  alleles  he  was  experi¬ 
menting  with  were  distributed  independently.  You  can  see 
in  Figure  8-8  the  four  possible  genotypes  that  might  be 
found  in  each  gamete:  RR,  Ry,  rY,  and  ry. 

To  determine  the  probability  for  the  different  genotypes 
and  phenotypes  of  the  dihybrid  cross,  it  is  useful  to  dia¬ 
gram  the  cross  using  a  Punnett  (pun'it)  square.  See  Fig¬ 
ure  8-8.  By  matching  the  possible  male  and  female  ga¬ 
metes,  there  are  16  possibilities.  When  we  examine  the 
possible  genotypes,  we  then  see  that  there  are  probabilities 
for  four  different  phenotypes.  There  is  a  0.56  probability 
that  the  seeds  will  be  round  and  yellow.  There  is  a  0.18 
probability  that  the  seeds  will  be  either  wrinkled  and  yel¬ 
low  or  round  and  green.  Finally,  there  is  a  0.06  probability 
that  the  seeds  will  be  wrinkled  and  green.  In  other  words, 
the  ratio  between  the  different  phenotypes  should  be 
9:3:3:1. 

FIGURE  8-8  Inbreeding  the  dihybrid  Fj  will  give  four  different 
phenotypes. 
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FIGURE  8-7 

If  an  individual  that  is 
homozygous  dominant  for  two 
traits  is  crossed  with  an  individual 
that  is  homozygous  recessive  for 
two  traits,  dihybrid  offspring 
occur. 
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What  results  did  Mendel  obtain  from  his  dihybrid  cross? 
Table  8-1  shows  the  probable  and  actual  numbers  of  dif¬ 
ferent  peas  that  he  obtained  from  his  total  of  556  peas  in 
the  dihybrid  cross. 


Table  8—1  Probable  and  Actual  Phenotypes  from 
Mendel’s  Dihybrid  Cross 


PHENOTYPE 

Probable 

Actual 

Round  Yellow 

312.75 

315 

Wrinkled  Yellow 

104.25 

101 

Round  Green 

104.25 

108 

Wrinkled  Green 

34.75 

32 

Total  Peas 

556.00 

556 

SCIENCE  TERMS 

alleles 

genotype 

phenotype 

testcross 

homozygous 

heterozygous 

dihybrid 

Punnett  square 


Mendel’s  results  were  very  close  to  his  predicted  9:3:3: 1 
ratio.  He  felt  sure  that  he  had  made  important  discoveries 
about  how  traits  are  inherited.  He  continued  his  experi¬ 
ments,  using  many  other  varieties  of  garden  peas,  and 
eventually  published  a  paper  that  described  his 
discoveries. 

8—14  A  n  unknowing  father  Mendel  began  his 
experiments  in  1857,  and  eight  years  later,  in  1865,  he 
presented  his  results.  His  presentation  was  made  to  a  scien¬ 
tific  society  in  the  small  town  where  he  lived.  It  was 
printed  in  the  society’s  journal  and  was  distributed  to 
many  libraries  in  Europe.  However,  his  paper  was  either 
not  read  or  not  appreciated.  Mendel  continued  experi¬ 
ments  with  other  plants  and  bees,  but  he  then  became 
more  involved  in  the  work  of  running  the  monastery 
where  he  lived.  His  experiments  suffered  from  neglect,  and 
he  eventually  had  to  abandon  them.  He  died  in  1884  with¬ 
out  any  other  scientists  in  the  world  knowing  of  his 
discoveries. 

It  was  not  until  1900  that  his  paper  was  “discovered.”  At 
that  time,  three  different  biologists  in  Europe  read  his  pa¬ 
per.  All  three  of  them  realized  the  importance  of  Mendel’s 
work,  and  they  spread  the  word  of  his  discoveries.  Soon 
many  others  had  repeated  Mendel’s  experiments,  and  he 
was  rightly  credited  for  being  the  father  of  the  science  of 
genetics. 
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CHECK  YOUR  FACTS 


1.  What  are  alleles? 

2.  Distinguish  between  genotype  and  phenotype.  Must 
organisms  with  the  same  phenotype  have  the  same 
genotype? 

3.  Predict  the  outcome  of  the  cross  Aa  X  aa.  What  is  such 
a  cross 'called? 

4.  A  tall  plant  that  is  thought  to  have  the  genotype  Tt  is 
crossed  with  a  short  plant,  tt.  Explain  these  possible  re¬ 
sults:  (a)  half  the  plants  are  short;  (b)  all  the  plants  are 
tall;  (c)  only  five  offspring  survive— four  are  tall  and  one 
is  short. 

5.  A  round-yellow  pea  has  the  genotype  RrYY.  For  which 
trait  is  this  plant  homozygous?  What  phenotypes  will  be 
seen  in  the  Fi  should  this  plant  reproduce? 

6.  What  is  a  dihybrid?  What  are  the  possible  genotypes  of 
the  gametes  of  a  DdAa  dihybrid? 

7.  Dihybrid  peas  that  are  tall  and  have  yellow  seeds,  TtYy, 
are  crossed.  What  is  the  probability  of  having  tall-green 
offspring?  Short-green ?  Of  having  offspring  that  are  ho¬ 
mozygous  for  the  yellow  trait? 

8.  In  the  above  cross  how  many  of  the  plants  would  you 
predict  to  be  tall?  What  fraction  should  be  dihybrid? 
What  fraction  of  the  short  plants  produce  yellow  seeds? 

9.  A  tall-yellow  plant  reproduces.  What  was  its  genotype  if 
in  the  160  offspring  (a)  88  are  tall-yellow ?  (b)  160  are 
tall-yellow?  (c)  121  are  tall-yellow  and  39  are  short- 
yellow? 

10.  What  impact  did  Mendel’s  work  have  on  the  scientific 
community  when  he  released  his  findings? 


Other  Genetic  Discoveries 

8— IS  Genes  and  chromosomes  After  the  discov¬ 
ery  of  Mendel’s  work,  many  scientists  in  Europe  and  Amer¬ 
ica  began  to  repeat  his  experiments  with  other  organisms. 
In  most  cases  Mendel’s  results  were  duplicated.  But  some 
breeding  experiments  produced  unpredicted  results. 
Questions  were  raised  and  the  experimenters  began  to 
look  for  answers  inside  the  cell.  Their  research  centered 
upon  one  specific  structure:  the  chromosome. 

In  the  late  1800s,  after  Mendel’s  death,  the  processes  of 
mitosis  and  meiosis  were  described.  The  equal  distribution 
of  chromosomes  to  daughter  cells  during  mitosis  suggested 
that  they  contained  something  of  equal  value.  Thus  the 
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FIGURE  8-9 

In  the  fruit  fly,  males  have  one  X 
and  one  Y  chromosome.  Females 
have  two  X  chromosomes. 


Y  X 


FEMALE 


chromosomes  were  a  logical  place  for  the  genes  to  be  car¬ 
ried.  By  the  early  twentieth  century,  the  chromosome 
(kro'mosom)  theory  had  been  established  and  supported 
with  good  experimental  evidence.  The  chromosome  the¬ 
ory  said  that  all  genes  are  carried  on  chromosomes  and 
that  genes  are  distributed  equally  during  mitosis.  Also,  dur¬ 
ing  meiosis,  each  gamete  is  provided  with  one  set  of 
chromosomes  containing  one  complete  set  of  genes  from 
one  parent. 

8—16  The  fruit  fly  In  1910  Thomas  Hunt  Morgan, 
an  American  biologist,  found  an  ideal  new  organism  for 
genetic  research.  This  was  the  fruit  fly,  Drosophila  me- 
lanogaster,  which  is  a  small  red-eyed  fly  that  produces  a 
new  adult  generation  about  every  two  weeks.  The  fruit 
flies  proved  easy  to  grow  in  bottles  in  the  laboratory.  Also 
the  experimenters  could  study  the  results  of  about  30  gen¬ 
erations  per  year.  This  was  a  vast  improvement  over  the 
garden  pea  and  most  other  plants,  which  were  limited  to 
one  generation  per  year. 

8—17  Sex-linked  genes  Morgan  made  one  of  his 
first  important  discoveries  after  crossing  a  normal  red-eyed 
fly  with  a  rare  white-eyed  fly  that  he  found  in  one  of  his 
bottles.  The  white-eyed  fly  was  a  male,  and  he  bred  it  with 
a  female  that  had  red  eyes.  The  offspring  in  the  Fi  gener¬ 
ation  were  all  red-eyed,  which  suggested  that  the  trait  for 
red  eyes  was  dominant. 

Morgan  then  let  the  Fx  generation  interbreed.  His  results 
were  as  follows: 


Red-eyed  females 

2  459 

White-eyed  females 

0 

Red-eyed  males 

1  011 

White-eyed  males 

782 

Morgan’s  first  reaction  was  to  ask  the  question,  Why 
were  no  white-eyed  females  produced?  He  went  to  the 
chromosomes  of  the  fruit  fly  to  find  the  answer.  The  fruit 
fly  has  only  four  pairs  of  chromosomes.  One  pair,  called 
the  sex  chromosomes,  is  unlike.  One  of  the  sex 
chromosomes,  called  an  X  chromosome,  is  straight.  The 
other  has  a  hook  on  one  end  and  is  called  a  Y  chromo¬ 
some.  Females  have  two  X  chromosomes  (XX),  while 
males  have  one  of  each  (XY).  The  same  pair  of  sex 
chromosomes  is  found  in  humans  and  most  other  animals, 
and  their  presence  determines  the  sex  of  the  individual. 

Eventually  Morgan  predicted  why  there  were  no  white¬ 
eyed  females  in  his  Fi  generation.  His  hypothesis  was  two- 


112 


The  photograph  at  left  shows  a  red-eyed  female  fruit  fly.  At  right  is  a 
white-eyed  male.  Eye  color  is  sex-linked  in  fruit  flies. 


fold:  (1)  that  the  gene  for  white  eyes  is  recessive,  and  (2) 
that  the  gene  for  eye  color  is  carried  only  on  the  X  chromo¬ 
some.  Below  is  a  cross  that  diagrams  this  hypothesis,  with 
X  and  Y  representing  the  chromosomes,  R  the  gene  for  red 
eyes,  and  r  the  gene  for  white  eyes. 

White-eyed  male  Red-eyed  female 
XrY  X  XRXR 

There  are  two  possible  results  in  the  Fi  generation  of  Mor¬ 
gan’s  first  cross: 

%  probability  XRXr — red-eyed  female 
V2  probability  XRY  -red-eyed  male 

The  Fi  results  were  what  Morgan  obtained— all  flies  were 
red-eyed. 

Morgan’s  second  cross,  where  the  Fi  flies  were  allowed 
to  interbreed,  is  diagramed  as  follows: 

Red-eyed  male  Red-eyed  Fn  female 
XRY  X  XRXr 

In  the  above  cross  there  are  four  possible  genotypes: 

‘A  probability  XrY  — white-eyed  XrY 
‘A  probability  XRY  — red-eyed  male 
%  probability  XRXR  —red-eyed  female 
lA  probability  XRXr  —red-eyed  female 
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The  results  show  that  only  white-eyed  males  and  no 
white-eyed  females  could  result  from  such  a  cross.  Later 
experiments  by  Morgan  and  his  assistants  proved  beyond 
doubt  that  his  hypothesis  was  correct.  The  gene  for  eye 
color  in  the  fruit  fly  is  carried  on  the  X  chromosome  and 
not  on  the  Y  chromosome.  (Very  few  genes  are  carried  on 
the  Y  chromosome.)  Any  gene  on  the  X  chromosome  of 
the  male  becomes  a  dominant  gene.  Such  genes  have  since 
been  named  sex-linked  genes.  Several  important  sex- 
linked  genes  have  been  discovered  in  humans.  They  will 
be  discussed  in  the  next  chapter. 

8—18  Linkage  and  crossing-over  Mendel’s  origi¬ 
nal  hypothesis  was  that  all  genes  assorted  independently 
from  parents  to  offspring.  The  discovery  of  sex-linkage 
showed  that  this  was  not  always  true.  Morgan  and  his 
group  discovered  that  what  really  assorts  independently 
are  the  chromosomes.  They  showed  that  genes  on  the  X 
chromosome  go  where  the  X  chromosome  goes.  Later  they 
proved  that  genes  on  chromosomes  other  than  the  sex 
chromosomes,  called  autosomes  (o'ta  somz),  are  also 
linked. 

Morgan’s  group  found  exceptions  to  the  idea  of  linkage. 
They  found  that  some  genes  that  are  linked  to  a  certain 
chromosome  sometimes  assort  independently.  Morgan  ex¬ 
plained  this  confusing  behavior  after  reading  the  work  of 
another  biologist  who  had  been  studying  the  behavior  of 
chromosomes  during  meiosis.  During  meiosis,  gametes, 
which  have  one  set  of  chromosomes,  are  formed.  During 
the  first  phase  of  meiosis  the  replicated  chromosomes, 
called  chromatids,  come  together  in  a  tetrad  side-by-side 
arrangement.  Often  there  is  an  exchange  of  material 
between  two  adjacent  chromatids,  which  is  called 
crossing-over.  Morgan  saw  that  the  crossing-over  could 
cause  an  exchange  of  genes.  This  could  explain  why  genes 
do  not  always  remain  linked  to  one  chromosome,  but 
sometimes  assort  independently.  With  careful  experi¬ 
ments,  Morgan  demonstrated  that  this  does  happen.  Fur¬ 
ther,  Morgan  and  his  associates  conducted  enough  experi¬ 
ments  to  be  able  to  predict  the  frequency  of  crossover  for 
most  fruit  fly  genes.  By  using  this  information,  they  were 
able  to  construct  actual  chromosome  maps.  Their  maps 
showed  that  the  genes  are  arranged  along  the  chromosome 
like  beads  on  a  string. 

It  is  an  interesting  coincidence  that  certain  cells  in  the 
fruit  fly,  which  are  in  the  salivary  glands,  have  chromo¬ 
somes  far  larger  than  others  in  the  body.  These  giant 
chromosomes  were  found  to  have  bands  that  corre- 


In  the  above  photograph  of  giant  chromosomes  from  the  salivary  glands 
of  a  fruit  fly,  the  bands  corresponding  to  the  location  of  genes  can  be 
seen. 


sponded  to  the  location  of  certain  genes.  Thus,  for  years  af¬ 
ter  Morgan’s  first  work  at  chromosome  mapping,  other 
geneticists  were  able  to  develop  accurate  maps  using  the 
giant  chromosomes.  It  is  important  to  remember  that  all 
this  research  was  done  before  the  discovery  of  DNA  and 
the  true  nature  of  genes.  Now  we  know  why  genes  are  like 
beads  on  a  string.  Genes  are  sequences  of  nucleotides  in  a 
huge,  long  string  of  DNA  that  is  coiled  inside  the  chromo¬ 
somes. 

8—19  Incomplete  dominance  Other  geneticists 
who  were  testing  Mendel’s  ideas  sometimes  ran  into  diffi¬ 
culty  with  his  idea  of  dominance.  For  example,  when 
crossing  certain  flowers,  such  as  the  Japanese  four-o’clock, 
a  different  pattern  resulted.  When  red  four-o’clocks  were 
crossed  with  white  four-o’clocks,  the  Fi  seeds  did  not  pro¬ 
duce  red  or  white  flowers.  Instead  all  the  flowers  were 
pink,  which  was  a  blend  of  the  two  traits.  This  indicated 
that  neither  gene  in  the  heterozygote  was  dominant  over 
the  other.  Such  results  produced  a  new  term  to  describe 
alleles  that  are  equally  dominant.  This  new  term  was  in¬ 
complete  dominance  (dom'a  nans). 
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RR  Rr  Rr  rr 

FIGURE  8-10  In  Japanese  four-o’clock  plants  there  is  incomplete 
dominance  with  respect  to  flower  color. 


A  further  result  of  incomplete  dominance  can  be  seen 
when  the  ¥1  generation  is  allowed  to  interbreed.  The  cross¬ 
ing  of  two  heterozygotes  (R  =  red,  r  =  white)  is  dia¬ 
gramed  as  follows: 

pink  Fi  four-o’clock  pink  Fj  four-o’clock 
Rr  x  Rr 

%  probability  RR — red  four-o’clock 
V2  probability  Rr  — pink  four-o’clock 
‘A  probability  rr  — white  four-o’clock 
results  in  all  three  phenotypes — red, 
pink,  and  white. 

8—20  Codominance  Another  gene  relationship  is 
called  codominance,  where  both  alleles  are  expressed  in 
an  individual.  Codominance  occurs  in  Shorthorn  cattle 
when  there  are  crosses  between  animals  with  red  and 
white  coats.  The  offspring  have  a  coat  that  is  reddish  gray, 
called  roan.  This  would  appear  to  be  a  case  of  incomplete 
dominance  until  the  hair  is  examined.  The  coat  is  made  up 
of  a  mixture  of  red  and  white  hair,  not  hair  of  an  inter¬ 
mediate  color.  Other  examples  of  codominance  that  relate 
to  humans  will  be  discussed  in  the  next  chapter. 
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8—21  Multiple  alleles  The  normal  rabbit  has  a 
coat  of  hair  that  is  multicolored  and  is  called  agouti  (a 
gii'te).  The  hair  nearest  the  skin  is  gray,  followed  by  a  yel¬ 
low  band,  with  the  tip  of  the  hair  colored  black  or  brown. 
But  there  are  rabbits  with  coats  of  other  colors.  The  albino 
rabbit  is  without  pigment  in  its  hair  or  eyes.  Its  hair  is 
white  and  its  eyes  are  pink.  Another  variety,  called  chin¬ 
chilla,  lacks  the  yellow  band  in  the  hair  and  appears  silvery 
gray.  A  fourth  type,  called  Himalayan,  is  white  except  for 
black  on  the  nose  and  the  tips  of  the  ears,  feet,  and  tail. 
Breeding  experiments  with  these  four  different  varieties 
show  that  there  may  be  more  than  two  alleles  for  a  trait. 
Such  alleles  are  called  multiple  alleles. 

When  normal,  or  agouti-colored,  rabbits  are  bred  with 
albino  rabbits,  the  result  is  an  agouti-colored  rabbit. 
Clearly,  the  agouti  allele  is  dominant  over  the  albino  allele. 
When  the  Fi  individuals  interbreed,  the  result  is  as  pre¬ 
dicted:  J/4  of  the  individuals  are  agouti;  are  al¬ 
bino. 

The  same  pattern  results  when  agouti  rabbits  are  crossed 
with  either  the  chinchilla  or  Himalayan  variety.  This  in¬ 
dicates  that  agouti  is  dominant  over  the  other  alleles.  When 


SCIENCE  TERMS 

chromosome  theory 
sex  chromosomes 
sex-linked  genes 
autosomes 
crossing-over 
giant  chromosomes 
incomplete  dominance 
codominance 
multiple  alleles 


FIGURE  8-11  There  are  four  different  varieties  of  hair-coat  color  in 
rabbits.  Multiple  alleles  are  involved  in  this  situation. 


WILD  TYPE 


CHINCHILLA 


ALBINO 


HIMALAYAN 


117 


chinchilla  and  albino  are  crossed,  all  the  offspring  are 
chinchilla.  Interbreeding  the  Fi  generation  results  in  % 
chinchilla  offspring  and  albino.  This  shows  two 
things:  (1)  There  are  alleles  for  both  the  chinchilla  trait 
and  the  albino  trait.  (2)  The  chinchilla  trait  is  dominant 
over  the  albino  trait. 

Other  experiments  have  shown  that  a  Himalayan-albino 
cross  results  in  all  Himalayan-colored  rabbits  and  that  a 
chinchilla-Himalayan  cross  results  in  all  chinchilla-colored 
rabbits.  Therefore  there  are  at  least  four  different  alleles  for 
rabbit  coat  color.  Also,  among  the  alleles  there  is  an  order 
of  dominance:  agouti  is  dominant  over  chinchilla;  chin¬ 
chilla  is  dominant  over  Himalayan;  and  Himalayan  is  domi¬ 
nant  over  albino. 


CHECK  YOUR  FACTS 

1.  What  three  things  does  the  chromosome  theory  pro¬ 
pose? 

2.  Why  is  the  fruit  fly  an  ideal  organism  for  genetic  re¬ 
search? 

3.  What  are  sex  chromosomes?  Is  the  Y  chromosome  found 
in  males  only? 

4.  Had  the  recessive  gene  for  white  eyes  not  been  sex- 
linked,  how  would  the  outcome  of  Morgan’s  experiment 
have  differed  from  the  actual  results? 

5.  Why  are  sex-linked  genes  more  apparent  in  males  than 
in  females? 

6.  What  are  autosomes? 

7.  How  can  genes  sometimes  assort  independently  from  the 
chromosome  to  which  they  are  linked? 

8.  What  method  was  used  to  construct  chromosome  maps? 

9.  What  phenotype  is  associated  with  incomplete  domi¬ 
nance? 

10.  How  is  codominance  different  from  incomplete  domi¬ 
nance? 

11.  What  alleles  might  a  Himalayan-colored  rabbit  possess? 


SUMMARY 


_ 


% 

Genetics  is  the  study  of  genes  and  the  role  they  play  in  the  de¬ 
velopment  of  new  organisms.  Modern  genetics  was  founded 
by  Gregor  Mendel,  a  monk  who  experimented  with  pea  plants 
in  the  middle  1800s.  Mendel  crossbred  true-breeding  varieties 
that  showed  contrasting  traits.  The  trait  he  was  to  label  reces¬ 
sive  vanished  in  the  first  generation,  only  to  reappear  in  lA  of 
the  second  generation  plants.  Using  his  knowledge  of  proba- 
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bility,  Mendel  reasoned  that  each  parent  contributes  one  fac¬ 
tor  and  that  a  recessive  trait  appears  only  when  a  dominant 
factor  is  not  present. 

The  chromosome  theory  states  that  genes  are  carried  on 
chromosomes,  that  genes  are  equally  distributed  in  mitosis, 
and  that  gametes  contain  a  complete  set  of  genes  from  one 
parent.  Thomas  Morgan  proposed  that  chromosomes  assort 
independently  and  that  genes  are  exchanged  during  cross¬ 
over  that  occurs  in  meiosis. 


REVIEW  QUESTIONS 

1.  If  half  the  offspring  are  homozygous  recessive  and  the 
other  half  are  heterozygous,  what  alleles  did  the  parents 
possess  in  this  crossbreeding? 

2.  Are  all  organisms  with  a  recessive  trait  true-breeding  for 
that  trait? 

Questions  3—5  refer  to  offspring  of  the  following  cross: 

SsAa  x  SsAa.  S  stands  for  long  stems,  5  is  the  recessive  al¬ 
lele  for  short  stems,  A  is  for  axial  flowers  (flowers  near  the 

stem),  a  is  the  recessive  allele  for  terminal  flowers. 

3.  What  fraction  of  the  offspring  should  have  long  stems? 
Axial  flowers? 

4.  How  many  show  no  recessive  phenotypes?  No  dominant 
phenotypes? 

5.  What  fraction  of  the  offspring  should  breed  true?  What  is 
the  most  frequently  occurring  genotype?  Phenotype? 

6.  In  the  cross  TtYy  X  TtYY  give  the  ratio  of  the  phe¬ 
notypes  you  would  expect.  (T  is  tall,  Y  is  yellow  seeds.) 

7.  In  the  cross  TtYy  X  TtYY  what  are  the  possible  geno¬ 
types  that  could  be  produced? 

8.  How  did  Morgan  explain  the  absence  of  white-eyed  fe¬ 
males  in  his  F2  generation? 

9.  Do  all  genes  assort  independently?  Explain. 

10.  True-breeding  long  radishes  are  crossed  with  true- 
breeding  round  radishes.  The  Fi  generation  are  all  oval¬ 
shaped.  How  do  you  explain  the  Fa  generation?  What 
predictions  can  you  make  for  the  F2  generation? 

ANALYSIS  AND  APPLICATION 

1.  How  would  you  breed  a  white-eyed  female  fruit  fly? 

2.  Assume  that  you  have  in  your  laboratory  three  varieties  of 
a  flower  that  breed  true  for  a  different  color .  One  group  is 
red,  one  is  orange,  and  the  other  is  yellow.  \  ou  wish  to 
find  out  if  there  are  three  alleles  for  the  colors  or  if  red  and 
yellow  alleles  produce  orange  flowers  through  incomplete 
dominance.  How  would  you  find  out? 
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Genetics 


Patterns  of  Inheritance 

9—1  Kinds  of  traits  Mendel’s  experiments  were  de¬ 
signed  to  find  out  how  discontinuous  (dis  ksn  tin'yu  as) 
traits  are  inherited.  Discontinuous  traits  are  traits  that 
can  be  clearly  observed  as  two  or  more  distinct  differ¬ 
ences.  Some  examples  are  pea  seeds  that  are  round  or 
wrinkled,  and  fruit  flies  with  red  or  white  eyes.  Dis¬ 
continuous  traits  that  are  inherited  by  the  patterns  discov¬ 
ered  by  Mendel  are  called  Mendelian  patterns.  These  were 
the  patterns  that  were  discussed  in  the  last  chapter. 

There  are  about  1  000  discontinuous  human  traits  that 
are  inherited  according  to  Mendelian  patterns.  Most  of 
these  are  recessive  traits  that  result  in  rare  genetic  dis¬ 
eases.  Genetic  diseases  are  inherited  and  are  caused  by 
genes,  or  the  lack  of  genes.  Usually  most  people  have  little 
interest  in  rare  genetic  diseases.  What  people  want  to 
know  more  about  are  such  traits  as  tallness,  eye  color,  skin 


Most  human  traits,  such  as  eye 
color,  are  continuous  traits. 
Several  pairs  of  genes  are 
involved  in  the  production  of 
continuous  traits. 


121 


color,  facial  features,  and  intelligence.  These  are  traits  of 
another  kind.  They  are  continuous  (kon  tin'yu  os) 
traits,  where  olfspring  show  a  continuous  range  of  char¬ 
acteristics  that  are  often  impossible  to  define  with  accu¬ 
racy.  Continuous  traits  are  polygenic  (pol  e  jen'ik), 
which  means  that  several  genes  are  involved  in  producing 
the  trait.  Polygenic  traits  are  very  difficult,  if  not  impos¬ 
sible,  to  analyze  by  Mendelian  patterns  of  inheritance. 

9—2  How  discontinuous  traits  are  pro¬ 
duced  In  this  chapter  we  shall  discuss  some  dis¬ 
continuous  traits  that  are  inherited  by  Mendelian  patterns. 
But  first  we  must  explain  how  such  traits  are  produced  in 
the  human  body. 

A  gene  is  a  sequence  of  nucleotides  in  a  DNA  molecule, 
which  codes  an  amino  acid  sequence  of  a  polypeptide 
chain.  The  polypeptide  chain  may  be  a  protein  all  by  itself, 
or  it  may  be  one  of  several  that  make  up  a  larger  protein. 
Many  of  the  genes  that  we  are  concerned  with  in  human 
genetics  are  those  that  code  for  polypeptides  that  make  up 
enzymes.  Enzymes  are  specialized  proteins  that  control 
chemical  reactions  in  the  body. 

One  of  Mendel’s  discoveries  was  the  behavior  of  domi¬ 
nant  and  recessive  genes.  Now,  with  our  knowledge  of 
DNA,  genes,  and  proteins,  we  must  take  a  new  look  at 
dominant  and  recessive  genes.  At  the  DNA,  gene,  and 
protein  levels,  how  are  dominant  and  recessive  genes 
different? 

As  a  general  rule,  dominant  genes  are  “good”  genes  that 
have  a  code  for  making  a  normal  polypeptide.  This  normal 
polypeptide  is  often  a  part  of  an  enzyme  that  controls  some 
chemical  reaction  in  the  body.  A  person  who  is  ho¬ 
mozygous  for  two  dominant  genes  has  a  double  quantity  of 
“good”  genetic  information.  The  information  of  one  or 
both  genes  may  be  used  to  make  “good”  polypeptides.  But 
the  second  gene  may  not  be  needed.  The  cell  may  only  use 
both  genes  when  a  large  number  of  polypeptides  are 
needed.  Or,  the  cell  may  use  the  second  “good”  gene  as  a 
backup  in  case  it  is  needed  for  some  other  reason. 

A  recessive  gene  is  one  that  contains  a  code  that  (1)  does 
not  produce  a  polypeptide  that  will  function;  or  (2)  pro¬ 
duces  a  polypeptide  that  functions  improperly,  or  not  as 
well  as  a  normal  gene.  A  recessive  gene  is  generally  a 
“bad”  gene. 

You  will  recall  from  the  last  chapter  that  many  organ¬ 
isms  are  heterozygous  for  a  trait.  This  means  that  they  have 
one  dominant  gene  and  one  recessive  gene.  Mendel 
learned  that  there  is  no  visible  difference  between  a  het- 
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erozygote  and  a  dominant  homozygote  (an  organism  with 
two  dominant  genes).  His  round  peas  with  the  genotype 
RR  looked  exactly  like  his  Rr  peas.  How  can  this  be  ex¬ 
plained  in  terms  of  DNA,  genes,  and  proteins? 

Generally  a  heterozygote  has  one  “good”  gene  and  one 
“bad”  gene  for  a  trait.  The  dominant,  or  “good,”  gene 
causes  normal  polypeptides  to  be  formed.  There  are 
enough  of  the  normal  polypeptides  formed,  so  that  the 
proper  enzyme,  or  other  protein,  performs  its  normal  func¬ 
tion.  The  recessive,  or  “bad,”  gene  either  does  not  func¬ 
tion  or  functions  improperly.  As  a  result,  the  heterozygote 
often  looks  the  same  and  apparently  functions  the  same  as 
the  dominant  homozygote.  However,  when  the  hetero¬ 
zygote  is  studied  carefully,  differences  can  often  be  ob¬ 
served.  If  the  gene  codes  for  an  enzyme,  or  part  of  an  en¬ 
zyme,  that  difference  can  often  be  detected.  The 
homozygous  dominant  will  produce  more  of  an  enzyme, 
or  the  enzyme  function  will  be  performed  more  efficiently. 

What  happens  when  two  recessive  genes  are  paired? 
Generally,  this  means  that  there  are  two  “bad”  genes  and 
that  the  right  kind  of  polypeptide  will  not  be  produced.  In 
humans  this  can  cause  a  disease  or  an  abnormal  condition. 
We  shall  discuss  several  examples  that  will  illustrate  the  ef¬ 
fect  of  homozygous  recessive  genes  in  humans. 


9—3  Albinism  The  pigment  that  colors  human  skin, 
hair,  and  the  iris  of  the  eye  is  called  melanin  (mel'o  nin). 
Most  people  have  some  melanin,  although  there  is  wide 
variation  in  the  amount,  and  the  trait  is  discontinuous. 
However,  there  is  a  continuous  trait  that  is  quite  rare  and  is 
inherited  by  a  Mendelian  pattern.  This  is  the  trait  called  al¬ 
binism  (al'bo  niz  am).  A  person  with  albinism,  called  an 
albino,  produces  no  melanin  but  is  normal  in  all  other 
ways.  The  albino  has  clear  skin,  white  hair,  and  pink  eyes. 

Melanin  is  produced  by  a  series  of  chemical  reactions 
that  start  out  with  the  amino  acid  tyrosine.  These  chemical 
reactions  require  at  least  one  enzyme  that  is  not  produced 
in  the  albino.  If  we  let  A  represent  the  dominant  gene,  a 
person  that  is  AA  or  Aa  would  make  enough  of  the  en¬ 
zyme  to  convert  tyrosine  to  melanin.  A  person  with  both 
recessive  genes,  aa,  would  not  be  able  to  produce  the  en¬ 
zyme  and  would  have  no  pigment. 

How  would  albinism  be  inherited?  Could  a  normally  pig¬ 
mented  person  marry  an  albino  and  produce  normally  pig¬ 
mented  children?  The  answer  can  be  determined  by  dia¬ 
graming  a  simple  Mendelian  cross,  but  first  we  must  know 
one  fact.  Only  about  1  in  50  persons  is  a  heterozygote,  or 


SCIENCE  TERMS 

discontinuous  traits 
genetic  diseases 
continuous  traits 
polygenic 
melanin 
albinism 


The  gene  for  albinism  is 
recessive.  A  person  who  has  two 
genes  for  albinism  does  not 
produce  the  pigment  known  as 
melanin. 
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“carrier”  of  this  recessive  gene.  Therefore  the  probability 
is  49  out  of  50  that  the  cross  would  be  as  follows: 

Homozygote  Albino 

AA  x  aa 

Only  one  possible  genotype  can  result  from  such  a  cross: 
Aa.  Therefore  the  probability  is  that  49  out  of  50  mar¬ 
riages  between  an  albino  and  a  normal  person  will  pro¬ 
duce  children  with  normal  pigmentation. 

But  what  if  an  albino  marries  a  carrier  of  the  recessive' 
gene  and  children  result?  Again,  a  simple  Mendelian  cross 
reveals  the  probable  results: 

Carrier  Albino 

Aa  x  aa 

There  are  two  possible  genotypes  and  phenotypes: 

Vz  probability  Aa — normally  pigmented 
Vi  probability  aa — albino 

Could  two  normally  pigmented  persons  produce  an  al¬ 
bino  child?  It  would  be  unlikely  but  possible  if  two  carriers 
were  to  marry.  (That  probability  is  1/50  x  1/50,  or 
1/2  500.)  For  example: 

Carrier  Carrier 

Aa  x  Aa 

There  are  three  possible  genotypes  and  two  possible 
phenotypes: 

Va  probability  AA — normally  pigmented 
Vi  probability  Aa — normally  pigmented 
Va  probability  aa — albino 


CHECK  YOUR  FACTS 

1.  What  are  discontinuous  traits? 

2.  What  are  continuous  traits?  Give  an  example. 

3.  Did  Mendel’s  experiments  with  peas  exhibit  dis¬ 
continuous  or  continuous  traits? 

4.  What  is  meant  by  polygenic ? 

5.  Why  are  enzymes  important?  What  codes  for  their  pro¬ 
duction? 

6.  Why  are  dominant  genes  considered  “good”? 

7.  Do  recessive  genes  produce  normal  polypeptides? 

8.  Why  do  heterozygotes  function  normally  for  the  most 
part? 

9.  What  is  melanin?  Is  skin  color  usually  a  continuous  or 
discontinuous  trait? 

10.  What  is  albinism?  Could  two  normally  pigmented  people 
produce  an  albino  child? 


124 


Recessive  Genes  and  Genetic  Disease 


9—4  Sickle-cell  anemia  Sickle-cell  anemia  is  a 

genetic  disease.  It  is  caused  by  an  abnormal  form  of  he¬ 
moglobin,  which  is  the  oxygen-carrying  protein  molecule 
in  red  blood  cells.  The  abnormal  hemoglobin  has  the 
amino  acid  valine  instead  of  glutamic  acid  in  two  of  the 
four  polypeptides  in  the  protein.  The  abnormal  chains  are 
identical,  so  there  is  only  one  “bad”  gene  that  is  respon¬ 
sible. 

A  person  with  normal  hemoglobin  has  a  genotype  that  is 
written  HbAHbA.  Hb  is  the  symbol  for  hemoglobin  and 
the  superscript  A  symbolizes  normal  hemoglobin. 

A  person  that  is  heterozygous  for  the  sickle-cell  gene  is 
called  a  “carrier”  or  is  said  to  “have  the  trait.”  The  geno¬ 
type  of  such  a  person  is  written  HbAHbs,  with  S 
symbolizing  the  sickle-cell  gene.  In  the  carrier  both  genes 
produce  polypeptides  that  end  up  in  the  hemoglobin.  In 
any  red  blood  cell  about  65  percent  of  the  hemoglobin  is 
HbA  and  about  35  percent  is  Hbs.  Such  a  person  does  not 
have  sickle-cell  anemia.  However,  it  is  believed  by  some 
researchers  that  extreme  conditions,  such  as  lack  of  oxy¬ 
gen,  can  cause  some  symptoms  of  the  disease.  This  possi¬ 
bility  will  be  discussed  later. 

A  person  that  is  homozygous  for  the  sickle-cell  gene  will 
have  sickle-cell  anemia.  The  genotype  is  written  HbsHbs. 


The  sickle-shaped  cells  in  the  left 
photograph  result  from  an 
abnormal  form  of  hemoglobin. 
Normal  red  blood  cells  are  shown 
on  the  right. 


All  the  hemoglobin  in  the  red  blood  cells  of  such  a  person 
is  abnormal.  This  causes  many  of  the  cells  to  assume  the 
sickle  shape.  Some  of  the  sickle  cells  break  apart  and  oth¬ 
ers  jam  up  in  small  blood  vessels.  Tissues  and  organs  that 
are  served  by  the  clogged  blood  vessels  become  deficient 
in  oxygen.  This  causes  intense  pain  and  usually  long-term 
damage  to  the  tissues  and  organs. 

At  the  present  time,  there  is  no  successful  method  of 
treating  sickle-cell  anemia. 


A  person  who  has  one  gene  for 
normal  hemoglobin  and  one 
sickle-cell  gene  has  a  greater 
resistance  to  malaria  than  a 
person  with  two  genes  for 
normal  hemoglobin. 


9—5  A  gene  that  is  “good”  and  “bad”  The  Hbs 

gene  is  most  commonly  found  in  persons  of  African  de¬ 
scent.  About  one  of  every  ten  Americans  of  African  descent 
is  a  carrier.  But  in  some  regions  of  Africa  up  to  35  percent 
of  the  people  are  carriers.  When  the  cause  of  the  disease 
was  discovered,  researchers  wondered  why  a  gene  so 
harmful  would  be  so  common  among  the  African  people. 
Other  harmful  genes  are  never  found  in  such  a  large  num¬ 
ber  of  people. 

Researchers  soon  had  an  explanation  for  the  abundance 
of  the  sickle-cell  gene  in  African  people.  They  found  that 
most  people  with  the  Hbs  genes  were  in  regions  where 
the  disease  called  malaria  was  common.  Malaria  is  caused 
by  a  mosquito-transmitted  parasite.  The  parasite  bores  into 
the  red  blood  cells,  multiples,  then  escapes  and  destroys 
the  cells.  It  is  now  generally  accepted  that  the  Hbs  gene 
helps  protect  African  people  from  the  malaria  parasite.  It  is 
believed  that  babies  and  young  children  who  are  hetero¬ 
zygous  (HbAHbs)  have  blood  cells  that  somehow  resist 
the  invasion  of  the  parasites.  Certainly  those  Africans  have 
demonstrated  a  much  greater  resistance  to  malaria  than  Eu¬ 
ropeans  with  HbAHbA  hemoglobin.  However,  the  pro¬ 
tection  has  not  been  without  a  price.  In  Africa  those  who 
have  inherited  the  HbsHbs  genotype  have  usually  paid 
the  price  with  pain  and  early  death. 


9—6  How  is  the  sickle-cell  trait  inher¬ 
ited?  The  sickle-cell  trait  is  inherited  by  a  simple  Men- 
delian  pattern.  First,  consider  a  cross  between  a  person 
with  normal  hemoglobin  and  a  carrier: 

Normal  hemoglobin  Carrier  (person  with  trait) 

HbAHbA  X  HbAHbs 

Vz  probability  H^Hb^ child  with  normal  hemoglobin 
Vz  probability  HbAHbs— child  a  carrier 
0  probability  —child  with  sickle-cell  anemia 

As  you  can  see,,  there  is  no  chance  that  such  a  cross  could 
produce  a  child  with  sickle-cell  anemia. 
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What  happens  if  two  carriers  have  children?  Again,  the 
probability  of  such  an  event  can  be  predicted  with  a 
simple  Mendelian  cross. 

Carrier  Carrier 

HbAHbs  x  HbAHbs 

V4  probability  HbAHb^ child  with  normal  hemoglobin 

Vi  probability  HbAHbs— child  a  carrier 

V4  probability  HbsHbs— child  with  sickle-cell  anemia 

There  is  a  1  in  4  probability  that  a  child  born  to  a  couple 
who  are  both  carriers  will  have  sickle-cell  anemia. 

9—7  Problems  of  the  carrier  When  the  cause  of 
sickle-cell  anemia  was  first  discovered,  there  was  much 
confusion  about  the  health  of  carriers.  Does  the  approx¬ 
imately  35  percent  S-type  hemoglobin  in  their  red  blood 
cells  create  a  health  hazard  for  them?  Unfortunately,  there 
was  an  overreaction  by  some  employers.  For  example,  air¬ 
line  companies  questioned  whether  a  carrier  should  be  al¬ 
lowed  to  pilot  a  commercial  airplane  or  to  work  as  a  cabin 
attendant.  It  was  believed  that  such  persons  might  suffer  a 
sickling  of  their  cells  if  the  plane  were  to  suddenly  lose  its 
internal  compression.  Rigorous  physical  tests  have  since 
been  performed  on  carriers.  Now  they  are  being  hired  as 
both  pilots  and  cabin  attendants  by  major  airlines. 

The  chief  problem  of  the  carrier  now  is  deciding 
whether  to  have  children.  As  we  have  demonstrated,  there 
is  no  problem  if  only  one  of  the  mates  is  a  carrier.  But  if 
both  are  carriers,  there  is  the  probability  that  one  child  in 
four  will  have  the  disease.  Fortunately  today  there  is  a 
blood  test  that  will  determine  whether  a  person  is  a  carrier 
of  Hbs.  But  we  still  have  no  way  of  knowing  in  advance, 
while  a  baby  is  developing,  if  it  has  inherited  the  unlucky 
genes.  That  can  only  be  determined  after  the  baby  is  born. 

9—8  Other  genetic  diseases  Imagine  a  new  baby 
that  has  been  brought  home  from  the  hospital.  It  is  bright 
and  alert  and  seems  normal  in  every  way.  But  then  it  grad¬ 
ually  becomes  dull  and  loses  interest  in  things  around  it. 
Also  it  begins  to  vomit  up  its  milk  and  it  develops  a  swollen 
stomach.  If  the  baby  does  not  receive  immediate  attention, 
there  is  a  possibility  that  it  will  become  blind  and  develop 
severe  brain  damage.  What  is  the  problem?  It  could  be  a 
genetic  disease  call  galactosemia  (g9  lak  ts  se'  me  a). 

Galactosemia  is  the  result  of  two  recessive  genes.  Both 
are  “bad,”  and  because  of  them  there  is  an  important  en¬ 
zyme  that  is  not  produced.  This  is  the  enzyme  needed  to 
convert  galactose  into  glucose.  Galactose  is  one  of  the  two 


A  blood  test  can  determine  if  a 
baby  has  phenylketonuria.  If  the 
disease  is  present,  a  special  diet 
during  childhood  can  prevent 
retardation. 


SCIENCE  TERMS 


sickle-cell  anemia 
galactosemia 
phenylketonuria 
Tay-Sachs  disease 


simple  sugars  in  milk  sugar  (lactose).  After  the  breakdown 
of  milk  sugar,  galactose  is  converted  to  glucose  and  used 
for  energy.  The  baby  with  galactosemia  lacks  the  enzyme, 
and  the  galactose  builds  up  in  the  blood  and  acts  as  a  poi¬ 
son.  Fortunately  there  is  a  simple  treatment.  Once  the  dis¬ 
ease  is  discovered,  the  baby  is  given  a  food  other  than 
milk.  Galactose  is  rare  in  other  foods,  so  without  milk  in 
the  diet  the  baby  can  grow  up  to  be  a  healthy,  normal 
child. 

Another  genetic  disease  is  phenylketonuria  (fen  al 
ke  ts  nyur'e  a),  which  is  abbreviated  PKU.  This  disease 
also  affects  new  babies  and  is  the  result  of  two  recessive 
genes  and  the  lack  of  an  enzyme.  PKU  is  caused  by  the  lack 
of  a  liver  enzyme  that  breaks  down  the  amino  acid  phenyl¬ 
alanine.  Phenylalanine  is  common  in  most  proteins.  While 
a  baby  with  PKU  is  developing,  the  enzyme  in  the 
mother’s  liver  breaks  down  the  phenylalanine.  But  within 
three  days  after  birth,  the  phenylalanine  starts  to  build  up 
in  the  bloodstream.  Eventually  such  a  buildup  can  cause 
improper  brain  development  and  a  severe  type  of  mental 
retardation.  Now  many  states  require  that  the  blood  of 
new  babies  be  tested  for  this  disease.  If  PKU  is  discovered, 
a  special  diet  can  be  used  until  the  child  is  about  nine  years 
old.  After  that  the  brain  is  fully  developed  and  there  is  no 
further  risk  unless  the  person  is  a  female  and  becomes 
pregnant.  A  pregnant  mother  must  follow  the  special  diet 
because  any  surplus  phenylalanine  in  her  bloodstream 
could  damage  the  brain  of  her  baby. 

Another  genetic  disease,  called  Tay-Sachs  (ta'saks) 
disease,  is  mostly  found  among  descendants  of  eastern 
European  Jews.  This  disease  results  from  double  recessive 
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genes  and  the  lack  of  an  enzyme  that  breaks  down  fatty 
polysaccharides,  or  mucopolysaccharides.  A  few  months 
after  birth,  fatty  deposits  begin  to  accumulate  around  brain 
cells  and  severe  brain  damage  results.  Fortunately  the  dis¬ 
ease  is  rare.  Unfortunately  there  is  no  treatment,  and  most 
children  with  the  disease  die  within  a  few  years. 


CHECK  YOUR  FACTS 

1.  What  is  meant  by  the  following  genotype:  HbAHbs  ? 

2.  Does  a  carrier  of  the  sickle-cell  gene  have  normal  he¬ 
moglobin?  Explain. 

3.  How  does  sickle-cell  anemia  affect  the  body? 

4.  What  advantage  has  the  Hbs  gene  offered  to  HbAHbs 
genotypes  in  Africa? 

5.  Two  carriers  wish  to  have  children.  What  is  the  proba¬ 
bility  that  their  child  will  be  a  carrier?  Will  have  sickle¬ 
cell  anemia? 

6.  One  person  is  HbAHbA,  the  other  is  HbAHbs.  What  are 
the  chances  that  their  child  will  be  a  carrier?  Will  have 
sickle-cell  anemia? 

7.  What  causes  galactosemia?  How  can  the  disease  be 
treated? 

8.  What  causes  PKU?  Can  it  be  treated?  Explain. 

9.  Why  does  PKU  become  noticeable  only  after  the  baby  is 
born? 

10.  What  causes  Tay-Sachs  disease?  Can  it  be  treated? 


Genes  and  Blood 

9—9  Antigens ,  antibodies,  and  allergic  reac¬ 
tions  Human  blood  is  like  human  fingerprints.  No  two 
persons  have  fingerprints  or  blood  that  is  exactly  alike. 
The  differences  in  the  blood  of  different  persons  are  the  re¬ 
sult  of  different  blood  proteins  that  result  from  different 
genes.  Many  of  these  proteins  are  antigens  and  antibodies, 
which  we  shall  discuss. 

Antibodies  (an'te  bod  ez)  are  proteins  that  are  like  de¬ 
fensive  soldiers  in  our  blood.  They  attack  and  destroy  for¬ 
eign  substances  that  enter  the  bloodstream.  Such  foreign 
substances  are  usually  proteins  or  large  polysaccharides, 
and  they  are  called  antigens  (an'ts  janz).  An  antigen  is 
defined  as  a  substance,  such  as  a  protein  or  polysac¬ 
charide,  that  stimulates  the  production  of  antibodies  when 
it  enters  the  bloodstream.  Typical  antigens  are  viruses  and 
bacteria,  and  the  antibodies  that  attack  them  protect  us 
from  disease. 


Sometimes  antigen-antibody  reactions  can  cause  serious 
problems  in  humans.  These  can  be  demonstrated  in  labo¬ 
ratory  animals.  If  egg  white,  which  is  a  protein,  is  injected 
into  an  animal,  there  is  no  obvious  reaction.  But  if  a  similar 
injection  is  given  again  ten  days  later,  the  animal  will  suf¬ 
fer  muscle  spasms  (uncontrollable  contractions).  Without 
treatment,  the  animal  may  die.  The  problem  was  caused  by 
the  first  injection  of  egg  white,  which  becomes  an  antigen 
as  soon  as  it  enters  the  animal’s  body.  It  stimulates  the  pro¬ 
duction  of  antibodies  in  the  blood  of  the  animal.  These  an¬ 
tibodies  are  specific  for  the  antigen  that  caused  them  to  be 
produced.  The  next  time  the  egg  white  enters  the  blood, 
the  antibodies,  like  soldiers,  are  waiting  for  the  attack.  Un¬ 
fortunately  they  sometimes  attack  in  a  violent  manner, 
causing  muscle  spasms  that  alfect  the  lungs  and  heart.  Such 
a  reaction  is  called  an  allergic  (d  ler'jik)  reaction.  If  an 
allergic  reaction  is  severe,  it  can  cause  death. 

9—10  The  ABO  blood  antigens  It  used  to  be  ex¬ 
tremely  dangerous  to  give  another  person’s  blood  to  an  in¬ 
jured  person.  Sometimes  it  saved  the  person’s  life,  but 
often  it  caused  a  severe  type  of  antigen-antibody  reaction. 
The  reaction,  called  an  agglutination  (d  glii  ts  na'shan) 
reaction,  caused  the  red  blood  cells  to  clump  together,  or 
agglutinate.  The  person  who  received  the  blood  could  not 
pump  the  agglutinated  blood  through  the  body  and  death 
resulted. 

The  reason  for  the  agglutination  reactions  was  discov¬ 
ered  in  the  early  1900s.  Many  people  have  antigens  in  their 


FIGURE  9-1 

This  figure  illustrates  the  antigen 
and  the  antibody  composition  for 
the  four  main  human  blood 
groups— A,  B,  AB,  and  O. 
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red  blood  cells.  When  these  antigens  enter  another  per¬ 
son’s  blood,  they  may  be  attacked  immediately  by  anti¬ 
bodies,  which  cause  the  agglutination  reaction. 

Two  different  antigens  were  discovered  in  the  red  blood 
cells.  They  are  called  the  A  antigen  and  the  B  antigen. 
People  are  grouped  into  four  blood  types  according  to  the 
antigens  they  have,  or  do  not  have.  A  person  with  the  A  an¬ 
tigen  has  blood  type  A.  A  person  with  the  B  antigen  has 
blood  type  B.  A  person  with  both  the  A  and  B  antigens  in 
the  red  blood  cells  has  blood  type  AB.  A  person  with  nei¬ 
ther  A  nor  B  antigens  has  blood  type  O. 

Another  discovery  was  that  people  have  antibodies  in 
their  blood  against  the  antigen  or  antigens  that  they  do  not 
have  in  their  own  red  blood  cells.  A  person  with  type  A 
has  an  anti-B  antibody.  If  blood  from  a  type  B  person, 
which  has  the  B  antigen,  enters  this  person’s  body,  the 
anti-B  antibodies  will  cause  an  agglutination  reaction.  Like¬ 
wise  a  person  with  type  B  blood  has  anti-A  antibodies,  and 
these  will  agglutinate  blood  from  a  type  A  person.  Type  O 
blood  has  both  anti-A  and  anti-B  antibodies.  Type  AB 
blood  has  neither  antibody.  A  laboratory  technique  called 
blood  typing  uses  anti-A  and  anti-B  antibodies  to  determine 
a  person’s  blood  type  before  blood  can  be  received. 


o 


B 


FIGURE  9-2 

Antibody  A  will  agglutinate  blood 
of  types  A  and  AB.  Antibody  B 
will  agglutinate  blood  of  types  B 
and  AB. 


9—11  The  inheritance  of  blood  type  Human 
blood  type  is  inherited  by  a  Mendelian  pattern  and  is  deter¬ 
mined  by  a  two-gene  combination  of  three  possible  alleles. 
Allele  A  produces  the  A  antigen,  allele  B  produces  the  B 
antigen,  and  allele  O  produces  no  antigen.  A  and  B  genes 
are  codominant,  which  means  that  both  antigens  are  pro¬ 
duced  if  a  person  has  those  two  genes.  Also,  A  and  B  genes 
are  dominant  over  the  O  gene.  Thus  there  are  six  possible 
genotypes  and  four  possible  blood  types  (phenotypes). 


Genotypes 

Phenotypes 

AA  — 

type  A 

AO  — 

type  A 

BB  — 

type  B 

BO  — 

type  B 

AB  — 

type  AB 

OO  — 

type  O 

Parents  can  predict  what  blood  types  their  children  may 
have  and  what  types  they  will  not  have.  For  example,  what 
blood  types  will  result  from  crossing  a  type  A  mother  with 
a  type  O  father?  There  are  two  possible  genotypes  for  the 
mother  (AA  or  AO),  but  only  one  for  the  father  (OO). 
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SCIENCE  TERMS 

antibodies 
antigens 
allergic  reaction 
agglutination  reaction 
Rh  antigen 
rhogam 


There  are  two  possible  results: 

Mother  Father 

(1)  AA  x  OO 

All  children  will  be  AO  and  have  type  A  blood. 

Mother  Father 

(2)  AO  x  OO 

Vi  probability  children  AO — ty  pe  A  blood 
l/2  probability  children  OO — type  O  blood 

There  is  zero  probability  that  the  children  from  such  a 
cross  will  have  type  B  or  AB  blood. 

9—12  Rh  antigens  In  1940  another  important  blood 
antigen  was  discovered,  first  in  rhesus  monkeys,  then  in 
humans.  It  was  called  the  Rh  factor  after  the  rhesus 
monkey.  Now  it  is  called  the  Rh  antigen.  About  85  per¬ 
cent  of  the  people  of  European  descent  have  the  Rh  an¬ 
tigen  and  are  called  Rh  positive.  Those  who  do  not  have 
the  antigen  in  their  blood  are  called  Rh  negative. 

Persons  who  are  Rh  negative  do  not  normally  have  anti- 
Rh  antibodies  in  their  blood.  Therefore  the  first  transfusion 
of  blood  from  an  Rh  positive  person  is  not  likely  to  cause  a 
problem.  Flowever,  the  Rh  antigen  should  stimulate  anti¬ 
body  production,  and  the  next  time  Rh  positive  blood  is  re¬ 
ceived,  it  could  cause  a  reaction  that  destroys  the  foreign 
blood  cells. 


The  Rh  antigen  was  originally 
discovered  in  rhesus  monkeys. 


9—13  Rh  antigen  and  babies  The  biggest  prob¬ 
lem  with  the  Rh  antigen  is  between  certain  mothers  and 
their  developing  babies.  It  all  depends  upon  the  genotype 
of  mother,  father,  and  baby. 

The  Rh  positive  gene  (Rh+),  which  produces  the  Rh  an¬ 
tigen,  is  dominant  over  the  Rh  negative  gene  (Rh-).  A 
potential  problem  can  result  when  an  Rh  positive  father 
(Rh+Rh+  or  Rh+Rh~)  produces  a  child  with  an  Rh  nega¬ 
tive  mother  (Rh-Rh~).  There  is  either  a  50  or  100  percent 
probability  that  the  child  will  be  Rh  positive.  That  creates  a 
potential  problem. 

During  childbirth  there  is  bleeding  when  the  baby  sepa¬ 
rates  from  its  point  of  attachment  in  the  mother’s  body. 
Usually  some  of  the  baby’s  blood  enters  the  bloodstream  of  | 
the  mother.  If  the  baby  is  Rh  positive,  the  antigen  will  stim¬ 
ulate  the  production  of  antibodies  in  the  mother’s  blood. 
Later,  during  a  second  pregnancy,  some  of  those  anti¬ 
bodies  will  cross  over  into  the  developing  baby’s  blood.  If 
the  second  baby  also  happens  to  be  Rh  positive,  the  anti¬ 
bodies  will  begin  destroying  the  baby’s  red  blood  cells.  By 
the  time  such  a  baby  is  born,  it  can  be  suffering  from  sev- 


eral  problems.  In  the  past  these  babies  often  died  unless 
they  received  a  whole  new  supply  of  blood  at  birth. 

Now,  with  a  new  treatment,  there  is  little  chance  that  a 
baby  will  be  born  with  this  type  of  problem.  An  Rh  nega¬ 
tive  mother  who  gives  birth  to  an  Rh  positive  baby  is  now 
injected  with  a  substance  called  rhogam.  Rhogam  con¬ 
tains  anti-Rh  antibodies.  The  anti-Rh  antibodies  react  im¬ 
mediately  with  Rh  antigen  that  might  have  entered  the 
mother’s  bloodstream  from  her  baby  during  birth.  Thus 
there  is  no  chance  for  her  own  body  to  develop  anti-Rh  an¬ 
tibodies  that  could  get  into  the  bloodstream  of  her  second 
baby. 


CHECK  YOUR  FACTS 

_ 

1.  What  are  antibodies?  What  is  their  function? 

2.  What  are  antigens?  Can  they  be  harmful? 

3.  Why  does  an  allergic  reaction  occur  at  the  second  expo¬ 
sure  to  an  antigen  but  not  at  the  first  exposure? 

4.  What  is  an  agglutination  reaction?  Does  it  occur  in  every 
blood  transfusion? 

5.  What  are  the  four  blood  types?  Which  type  has  no  anti¬ 
gens? 

6.  Which  blood  types  have  anti-B  antibodies?  Which  type 
has  neither  antibody? 

7.  Explain  the  order  of  dominance  in  the  alleles  for  blood 
antigens. 

8.  If  the  mother  is  type  A  and  the  father  is  type  B,  what  are 
the  possible  blood  types  for  their  child? 

9.  Are  the  Rh  factors  common?  Explain. 

10.  When  is  the  Rh  factor  of  concern  in  bearing  children? 

11.  How  does  rhogam  protect  the  second  Rh  positive  child 
of  an  Rh  negative  mother? 

Chromosomes  and  Heredity 

9-14  Sex  chromosomes  Up  to  this  point  in  the 
chapter,  we  have  discussed  the  effects  of  individual  genes 
on  the  heredity  of  persons.  Now  we  shall  discuss  how  the 
heredity  of  a  person  can  be  influenced  by  the  effect  of 
whole  chromosomes,  or  parts  of  chromosomes. 

A  normal  person  has  23  pairs  of  chromosome^,  for  a  to¬ 
tal  of  46.  One  pair  are  the  sex  chromosomes;  the  other  22 
pairs  are  autosomes.  In  the  normal  female,  the  pair  of  sex 
chromosomes  are  alike  and  are  called  X  chromosomes.  In 
the  normal  male,  the  pair  are  unlike.  One  is  an  X  chromo¬ 
some  like  the  one  found  in  the  female.  The  second  is  about 
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one-fifth  the  size  of  the  X  chromosome  and  is  called  a  Y 
chromosome. 

During  meiosis  the  X  chromosomes  sometimes  stick  to¬ 
gether  and  do  not  separate  during  cell  division.  This  can 
happen  during  the  formation  of  the  female  egg  cell.  It  may 
have  either  two  X  chromosomes  or  no  X  chromosomes. 

The  sperm  from  the  father  can  have  either  an  X  or  a  Y 
chromosome.  If  a  sperm  with  an  X  chromosome  combines 
with  an  egg  that  has  two  X  chromosomes,  the  result  will  be 
an  individual  with  three  X  chromosomes.  This  condition  is 
called  trisomy  (tri'so  me)  X.  The  trisomy  X  person  is  a 


The  chromosomal  makeup  of  a  normal  human  male  is  shown  below. 
Note  that  the  twenty-third  pair  of  chromosomes  is  XY. 
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The  chromosomal  makeup  of  a  human  male  suffering  from  Klinefelter’s 
syndrome  is  shown  above.  This  person  has  three  sex  chromosomes. 


female,  and  she  may  be  normal.  However,  many  girls  born 
with  the  trisomy  X  condition  grow  up  to  be  sterile,  which 
means  that  they  cannot  produce  egg  cells  and  therefore 
cannot  reproduce.  Also  there  is  at  least  twice  the  probabil¬ 
ity  that  such  a  girl  will  be  mentally  retarded. 

It  is  possible  for  an  XX  egg  to  combine  with  a  sperm 
with  a  Y  chromosome.  The  XXY  male  is  abnormal  and  suf¬ 
fers  from  a  general  condition  known  as  Klinefelter’s 
(klln'fel  torz)  syndrome.  An  XXY  male  is  sterile,  has 
some  female  characteristics,  and  is  likely  to  be  mentally  re¬ 
tarded.  Klinefelter’s  syndrome  is  seen  in  about  1  in  400 
live  male  births. 
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Another  possibility  is  that  the  egg  with  no  X  chromo¬ 
some  will  combine  with  a  sperm  with  an  X  chromosome. 
The  resulting  female,  called  an  XO  female,  suffers  from  a 
condition  called  Turner’s  syndrome.  The  female  will 
be  sterile,  but  with  hormone  treatment  she  can  develop 
into  a  well-adjusted  person.  Many  developing  babies  are 
shed  from  the  mother’s  body  after  only  a  few  weeks  or 
months  of  development.  This  is  called  a  miscarriage,  or, 
more  properly,  spontaneous  (spon  ta'ne  as)  abortion. 
Many  spontaneous  abortions  are  XO  girls.  Only  about  5 
percent  of  the  XO’s  survive  to  be  born  alive. 


A  human  female  suffering  from  Turner’s  syndrome  has  only  45 
chromosomes  per  cell.  She  has  a  single  sex  chromosome. 
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Sometimes  the  Y  chromosome  may  not  separate  during 
the  formation  of  sperm  cells.  This  can  result  in  the  uniting 
of  a  YY  sperm  and  an  egg  with  one  X  chromosome,  uniting 
with  a  single-X  egg  which  produces  an  XYY  male.  This  is 
fairly  common,  with  an  estimated  1  in  400  live  male  births 
being  XYY  males.  The  XYY  adult  is  generally  taller  and 
may  be  mentally  retarded  to  some  degree.  Researchers  are 
trying  to  determine  other  ways  that  the  XYY  chromosomes 
might  affect  such  males. 


9—15  Barr  bodies  and  sex  determination  In 

1949  Murray  Barr  of  the  University  of  Western  Ontario, 
Canada,  made  an  important  discovery.  He  was  studying 
cells  from  female  cats  and  saw  a  dark  body  lying  against 
the  nuclear  membrane.  After  considerable  research  he 
found  that  cells  from  females,  including  humans,  have  the 
dark  bodies,  while  male  cells  do  not.  The  dark  bodies  are 
called  Barr  bodies. 

Now  we  know  that  the  Barr  body  is  one  of  the  X 
chromosomes  that  is  tightly  coiled.  Probably  the  genes 
from  all  or  part  of  this  coiled  chromosome  are  not  being 
translated.  Hence,  in  a  female  only  the  genes  from  one  of 
the  X  chromosomes  is  supplying  information  to  the  cells. 

9—16  Detecting  Y  chromosomes  The  Y  chromo¬ 
some  is  mostly  made  up  of  a  special  kind  of  protein  and 
contains  only  a  small  amount  of  DNA.  A  simple  test,  using 
a  stain  that  is  selective  for  the  special  protein  in  chromo¬ 
somes,  causes  the  Y  chromosome  to  show  up  as  a  bright 
spot.  (They  must  be  viewed  with  a  special  ultraviolet  light 
microscope.)  This  test  has  many  uses,  but  one  sometimes 
makes  the  sports  news  headlines.  Occasionally  a  male  will 
try  to  compete  with  females  in  an  athletic  event.  Now,  us¬ 
ing  this  test  on  the  cells  at  the  base  of  a  hair,  the  presence 
of  a  Y  chromosome  can  be  detected.  Most  athletes  com¬ 
peting  in  the  women’s  events  in  the  Olympics  will  prob¬ 
ably  always  have  to  take  such  a  test. 


The  Barr  body,  seen  only  in 
female  cells,  is  one  of  the  X 
chromosomes  that  is  tightly 
coiled  and  lying  against  the 
nuclear  membrane. 


9-17  Sex-linked  traits  Some  human  character¬ 
istics  are  sex-linked  traits  that  are  determined  by  genes  on 
the  X  chromosome.  An  example  is  red-green  color 
blindness,  of  which  there  are  two  types.  With  one  type, 
a  person  has  difficulty  detecting  the  color  green  and  con¬ 
fuses  it  with  red.  However,  in  bright  light  and  with  bright 
colors  the  person  can  often  see  the  green  color.  About  7 5 
percent  of  red-green  color  blindness  is  of  this  ty  pe. 

The  second  type  of  red-green  color  blindness  is  more  se¬ 
vere,  with  red  and  green  confused  under  all  conditions. 
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Images  such  as  these  are  used  to  detect  various  forms  of  color  blindness. 
Can  you  see  the  numbers? 


The  first  type  of  color  blindness  occurs  in  about  8  per¬ 
cent  of  all  boys,  which  is  a  ratio  of  about  1  in  12.  In  con¬ 
trast,  the  problem  exists  in  only  0.4  percent  of  girls,  which 
is  a  ratio  of  1  in  150. 

Now  we  know  that  the  gene  for  red-green  color  blind¬ 
ness  is  a  recessive  gene  on  the  X  chromosome.  Rarely  do 
girls  get  two  X  chromosomes,  both  with  recessive  genes. 
But  in  a  male,  with  only  one  X  chromosome,  the  recessive 
gene  is  expressed  as  though  it  were  a  dominant  gene. 

The  inheritance  of  sex-linked  traits  normally  follows  an 
alternate  generation  pattern.  For  example,  a  man  with  red- 
green  color  blindness  will  pass  the  gene  on  to  all  his 
daughters.  (He  cannot  pass  it  to  a  son  because  he  gives  a 
son  a  Y  chromosome.)  The  daughter  usually  will  not  have 
the  problem,  but  there  is  a  50-50  chance  that  her  sons  will 
get  the  X  chromosome  with  the  “bad”  gene. 

Hemophilia,  or  bleeder’s  disease,  is  also  sex-linked.  Per¬ 
sons  with  this  disease  are  mostly  male,  and  the  inheritance 
pattern  is  similar  to  that  of  the  red-green  color  blindness 
gene.  Luckily  hemophilia  is  quite  rare,  and  modern  treat¬ 
ments  can  usually  prevent  the  victim  from  bleeding  to 
death.  That  used  to  be  the  fate  of  many  persons  with  the 
disease.  Hemophilia  is  interesting  from  a  historical  stand¬ 
point  because  Queen  Victoria  of  Great  Britain  passed  the 
gene  on  to  many  royal  offspring. 
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1  Prince  Louis  of  Battenberg 

2  Grand  Duke  Paul  of  Russia 

3  Prince  Ferdinand  of  Romania 

4  Count  Mensdorff 

5  Grand  Duke  Serge  of  Russia 

G  Princess  Ferdinand  of  Romania 

7  Prince  Henry  of  Prussia 

8  Grand  Duchess  Serge  of  Russia 

9  Duke  of  SaxeCoburg Gotha 
10  Prince  Henry  of  Battenberg 


1 1  Princess  Philip  of  Saxe-Coburg 

12  Grand  Duke  Vladimir  of  Russia 

13  Duke  of  Connaught 

14  Prince  of  Wales 

1 5  Princess  Henry  of  Battenberg 

1 6  Princess  Alexandra  of  Saxe  Coburg  Gotha 

1 7  Hereditary  Princess  of  Saxe  Memingen 

18  Duchess  of  Connaught 

1 9  Prince  Alfred  of  SaxeCoburgGotha 

20  Cesarevitch 


2 1  Princess  Alexandra  of  Hesse 

22  Princess  Louis  of  Battenberg 
2  3  Princess  Henry  of  Prussia 

24  Grand  Duchess  Vladimir  of  Russia 

25  Duchess  of  Saxe-Coburg-Gotha 

26  Kaiser  Wilhelm  // 

27  Oueen  Victoria 

28  Empress  Frederick  of  Germany 

29  Princess  Beatrice  of  Saxe  Coburg  Gotha 

30  Princess  Feodore  of  Saxe Memingen 


9— IS  Chromosome  aberrations  A  chromo¬ 
some  aberration  (ab  3  ra'shsn)  is  any  kind  of  chromo¬ 
some  abnormality.  This  includes  multiple  chromosomes, 
broken  chromosomes,  and  chromosomes  with  extra 
chromatin  attached  to  them.  We  have  already  mentioned 
such  chromosome  aberrations  as  XXX,  XXY,  XO,  and  XYY, 
which  are  aberrations  of  the  sex  chromosomes. 

It  is  estimated  that  about  40  percent  of  human  spon¬ 
taneous  abortions  are  the  result  of  chromosome  aberra¬ 
tions.  Usually  the  aberration  is  more  than  the  normal  num¬ 
ber  of  chromosomes.  However,  in  three  types  of 
aberrations  there  is  some  hope  for  survival.  These  are 
three  different  trisomys  (three  instead  of  two  chromo¬ 
somes). 

Each  of  the  22  pairs  of  autosomes  has  been  numbered 
and  classified  according  to  its  individual  structure.  Thus 
one  trisomy  is  recognized  as  trisomy-21,  a  condition  where 
there  are  three  number-21  chromosomes.  The  individual 


Individuals  suffering  from  Down’s  syndrome  have  47  chromosomes  per 
cell.  There  are  three  number-2 1  chromosomes  present. 


If  II  ll  M  11 


2 

II  II 


3  . GROUP  B  (4-5) - 

u  11  11  n 


GROUP  C  (6-12) 


SEX 

CHROMOSOMES 

X 


M  M 

—  GROUP  D  (13-1  5) - 


KARYOTYPE:  47  XY  Grt 


II  H  4  I 

16  17  18 

•  i  I  1 

—  GROUP  F  (19-20)-  — 

»  »  |  4  A 

- GROUP  G  (21-22)-— 


4 

Y 


140 


that  results  is  abnormal  and  is  said  to  have  Down’s  syn¬ 
drome.  Such  an  individual  is  shorter  than  normal  and  has 
a  rounded  face  and  a  folded  upper  eyelid.  The  person  also 
has  a  large  tongue,  which  makes  speaking  difficult,  and 
suffers  from  mental  retardation.  The  incidence  of  Down’s 
syndrome  increases  with  maternal  age.  This  is  discussed  in 
the  next  section.  In  past  years  about  half  the  children  born 
with  this  syndrome  died  from  respiratory  disease  or  heart 
problems  in  the  first  year.  Now,  surgery  and  antibiotics  en¬ 
able  many  to  live  much  longer. 

A  second  autosome  trisomy  is  trisomy- 18,  which  is  de¬ 
scribed  as  Edward’s  syndrome.  A  child  born  with  three 
number- 18  chromosomes  has  many  problems  including 
severe  mental  retardation.  The  average  survival  time  for 
such  a  child  is  10  weeks.  A  third  trisomy,  trisomy- 13  or 
Patau’s  syndrome,  is  even  worse,  with  survival  time  of 
only  a  few  weeks. 


SCIENCE  TERMS 

trisomy-X 

Klinefelter’s  syndrome 
Turner’s  syndrome 
spontaneous  abortion 
Barr  bodies 

red-green  color  blindness 
chromosome  aberration 
Down’s  syndrome 
Edward’s  syndrome 
Patau’s  syndrome 
teratogens 


9—19  Trisomy  and  maternal  age  Trisomy-21,  or 
Down’s  syndrome,  is  the  most  common  chromosomal 
aberration.  Today  we  have  statistics  that  show  when  the 
condition  is  most  likely  to  occur  in  children.  The  occur¬ 
rence  is  only  1  in  1  500  when  the  mothers  are  in  their 
twenties.  But  this  ratio  increases  greatly  when  forty-year- 
old  women  have  children,  jumping  to  1  in  80.  The  proba¬ 
bility  of  occurrence  increases  almost  100  percent  when  a 
mother  is  just  five  years  older.  Women  of  forty-five  have 
the  risk  that  1  in  44  births  will  produce  a  child  with 
trisomy-2 1 .  Altogether  about  40  percent  of  all  babies  born 
with  trisomy-21  are  born  to  mothers  who  are  over  forty. 
Maternal  age  (the  age  of  the  mother)  is  also  related  to  the 
other  two  trisomys,  which  are  much  rarer. 

Researchers  are  not  sure  why  older  women  should  have 
a  higher  risk  of  children  with  a  trisomy  aberration.  Some 
speculate  that  the  extra  chromosome  results  because  there 
are  many  years  between  meiosis  I  and  meiosis  II  in  the  for¬ 
mation  of  the  egg.  The  age  of  the  father  seems  to  have  no 
effect,  and  this  may  be  because  meiosis  I  and  meiosis  II  oc¬ 
cur  immediately  during  sperm  development. 

9-20  Heredity  or  environment?  For  many  years, 
people  have  debated  the  importance  of  heredity  and  envi¬ 
ronment  on  the  development  of  a  person.  There  is  no 
clear-cut  answer  to  either  side  of  the  debate,  but  it  is  im¬ 
portant  to  understand  the  role  of  each.  This  role  can  be 
summarized  in  one  sentence:  The  genes  that  a  person  in¬ 
herits  determine  what  that  person  may  become;  the  envi¬ 
ronment  determines  what  that  person  will  become. 
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As  an  example,  a  person  may  inherit  genes  that  could 
make  him  or  her  grow  very  tall.  But  if  the  child  goes  with¬ 
out  proper  food  during  pregnancy  and  its  early  years,  it 
might  grow  only  to  an  average  height.  Likewise,  a  child 
could  be  born  with  the  genes  to  become  a  brilliant  artist  or 
musician.  But  the  environment  could  deprive  the  child  of 
any  opportunity  to  develop  those  abilities.  The  same  can 
be  said  for  levels  of  general  intelligence.  To  some  un¬ 
known  degree,  intelligence  is  inherited.  But  intelligence  is 
also  strongly  influenced  by  the  environment  of  a  child. 
Without  proper  opportunities,  a  child  may  never  develop 
the  intelligence  that  its  genes  gave  it  the  potential  to  have. 

Environment  can  also  be  involved  in  changing  the  he¬ 
redity  of  an  individual.  For  example,  various  substances 
called  teratogens  (ter'o  to  jonz)  can  cause  gene  and 
chromosome  damage  in  a  developing  baby  during  preg¬ 
nancy.  One  very  strong  teratogen  is  radiation  from  X  rays. 
Another  teratogen  is  alcohol  which,  if  drunk  in  heavy 
amounts,  can  cause  serious  birth  defects.  Other  suspected 
teratogens  are  LSD  and  marijuana.  Generally,  pregnant 
women  are  advised  to  avoid  all  drugs  that  are  not  specifi¬ 
cally  prescribed  by  their  physicians. 


CHECK  YOUR  FACTS 


1.  How  many  pairs  of  autosomes  are  in  human  cells? 

2.  What  is  trisomy  X?  What  are  the  results? 

3.  What  results  when  an  XX  egg  unites  with  a  Y  sperm? 

4.  Describe  Turner’s  syndrome. 

5.  What  is  the  effect  of  an  extra  Y  chromosome  in  males? 

6.  What  are  Barr  bodies?  What  cells  have  two  Barr  bodies? 

7.  How  is  the  presence  of  a  Y  chromosome  detected? 

8.  Where  are  the  alleles  for  hemophilia  and  red-green  color 
blindness  carried? 

9.  Why  do  sex-linked  traits  follow  an  alternate  generation 
pattern?  Why  don’t  boys  inherit  sex-linked  traits  from 
their  father? 

10.  What  is  a  chromosome  aberration? 

11.  What  are  the  names  for  these  chromosome  aberrations: 
XO,  XXY?  Do  they  produce  males  or  females? 

12.  Describe  trisomy-21.  What  are  other  names  for  this 
problem? 

13.  Name  two  other  trisomys. 

14.  When  is  trisomy- 21  most  likely  to  occur?  What  might  be 
the  reason  for  this? 

15.  Why  should  pregnant  females  avoid  drinking  large 
amounts  of  alcohol? 


SUMMARY 

While  discontinuous  traits  are  easily  analyzed,  polygenic  con¬ 
tinuous  traits  are  very  difficult  to  understand  and  define. 
Dominant,  or  “good,”  genes  usually  code  for  normal  poly¬ 
peptides.  Recessive,  or  “bad,”  genes  generally  produce  faulty 
polypeptides.  Genetic  diseases  usually  result  when  the  body 
must  rely  on  these  faulty  polypeptides  and  the  enzymes  they 
make  up.  Albinism  results  from  two  recessive  genes.  Sickle¬ 
cell  anemia  results  when  both  chromosomes  have  a  recessive 
gene  that  cannot  code  for  normal  hemoglobin. 


REVIEW  QUESTIONS 

1.  Why  are  continuous  traits  more  difficult  to  predict  and 
analyze  than  discontinuous  traits? 

2.  What  is  the  functional  difference  between  a  dominant 
gene  and  a  recessive  gene? 

3.  What  is  the  chance  that  two  normally  pigmented  parents 
will  be  heterzygous  for  albinism?  Both  parents? 

4.  Is  Hbs  a  recessive  allele?  Explain. 

5.  What  is  the  probable  reason  why  the  sickle- cell  gene  has 
not  become  as  rare  as  most  other  harmful  genes? 

6.  What  risks  are  involved  when  parents  who  are  both  car¬ 
riers  choose  to  have  children? 

7.  Describe  the  cause  and  symptoms  of  phenylketonuria. 
When  is  special  treatment  needed? 

8.  List  the  antigens  and  antibodies  found  in  each  of  the  four 
blood  types:  A,  B,  AB,  and  O. 

9.  Martha  has  type  A  blood.  Her  baby  has  type  O  blood.  Jim 
has  type  A  blood,  but  both  of  his  parents  had  type  AB 
blood.  Can  Jim  be  the  father  of  Martha’s  child? 

10.  The  father  is  Rh  positive  and  the  mother  is  Rh  negative. 
If  they  wish  to  have  several  children,  what  risks  should 
they  consider? 


ANALYSIS  AND  APPLICATION 

1.  Can  you  explain  why  we  do  not  find  such  chromosome 
aberrations  as  trisomy-5,  trisomy-2,  or  trisomy-20? 

2.  Under  what  circumstances  could  a  female  inherit  hemo¬ 
philia? 

3.  Suppose  a  teratogen,  such  as  alcohol,  caused  the  change 
of  only  one  nucleotide  pair  in  a  developing  child  s  DNA. 
Since  there  are  millions  of  nucleotide  pairs,  could  the 
damage  to  just  one  pair  possibly  be  important?  Explain. 

4.  Why  are  traits  such  as  eye  color,  skin  color,  hair  color, 
tallness,  and  intelligence  not  as  predictable  as  blood  type? 


143 


Natural 


Selection 


Natural  Selection 

10—1  An  important  concept  The  idea,  or  con¬ 
cept,  of  natural  selection  is  one  of  the  most  important 
concepts  of  biology.  It  is  important  because  it  explains 
how  populations  of  organisms  develop  adaptations.  For  ex¬ 
ample,  many  disease-causing  bacteria  were  killed  by  small 
doses  of  penicillin  when  this  drug  was  introduced  in  the 
mid- 1940s.  But  these  bacteria  slowly  developed  an  adapta¬ 
tion.  This  adaptation  was  a  resistance  to  penicillin.  As  each 
year  passed,  larger  and  larger  doses  of  penicillin  were 
needed  to  kill  the  bacteria.  Now,  after  only  a  few  decades, 
many  of  those  bacteria  are  almost  resistant  to  penicillin. 
Like  all  adaptations,  this  one  gives  the  bacteria  a  better 
chance  of  surviving  in  their  environment.  The  method  by 
which  they  developed  this  adaptation  will  be  explained. 

10-2  Artificial  selection  The  first  step  in  under¬ 
standing  natural  selection  is  to  see  how  people  have  pur¬ 
posely  created  adaptations  in  populations.  An  example  is 
shown  in  the  way  in  which  animal  breeders  developed  the 
egg-laying  adaptation  of  the  White  Leghorn  chicken.  In 
1933  the  average  yearly  egg  production  of  a  White  Leg¬ 
horn  hen  was  125.6  eggs.  At  that  time  breeders  began  to 
make  use  of  a  fact  that  is  true  of  all  populations:  All  individ¬ 
uals  in  a  population  are  unique  and  unlike  any  others  in 
the  population.  Because  of  this  fact  there  was  a  difference, 
or  variation,  in  egg  production  among  different  White  Leg¬ 
horn  hens.  The  average  was  125.6  eggs  per  year.  But  some 
produced  more  and  others  produced  less. 
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The  average  yearly  egg  production  of  White  Leghorn  hens  nearly 
doubled  over  a  period  of  30  years  as  a  result  of  selective  breeding. 


The  breeders  selected  offspring  from  hens  that  had  the 
highest  egg  production.  They  bred  them,  and  with  each 
generation  they  selected  the  best  egg  producers  and  bred 
their  offspring.  Thirty-two  years  later,  in  1965,  they  had  in¬ 
creased  the  average  yearly  egg  production  of  White  Leg-  ! 
horn  hens  to  249-6.  This  was  an  average  increase  of  124  I 
eggs  per  year. 

The  technique  used  by  the  animal  breeders  is  called  ar¬ 
tificial  selection.  The  term  artificial  refers  to  the  fact 
that  breeders  purposely  select  the  pairs  to  be  bred  rather  j 
than  let  the  breeding  occur  naturally.  The  basic  technique 
involves  two  steps.  The  first  step  is  to  select  from  within  a 
population  the  adaptation  that  we  wish  to  develop.  For  ex¬ 
ample,  if  we  want  to  develop  a  population  of  fast  horses, 
we  must  first  select  the  fastest  horses  from  the  population. 
The  second  step  is  to  preserve  and  breed  the  best  offspring 
from  those  that  were  selected,  and  to  continue  the  process. 
Of  course,  that  is  exactly  what  racehorse  breeders  do. 
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10—3  Natural  selection  Natural  selection  also  is  a 
two-step  process.  But  it  occurs  in  natural  populations,  or 
populations  where  the  breeding  is  not  controlled  by 
people. 

The  first  step  in  natural  selection  is  the  production  of 
variation.  There  are  two  ways  this  occurs  in  natural  popu¬ 
lations.  One  way  is  by  mutation,  which  is  a  change  in  one 
or  more  genes  of  an  organism.  Mutation  is  the  ultimate 
source  of  all  variation  in  populations.  The  second  way  var¬ 
iation  is  produced  is  by  recombination,  which  occurs  dur¬ 
ing  sexual  reproduction.  Recombination  is  the  exchange  of 
genes  that  occurs  between  chromatids  during  the  process 
of  meiosis. 

The  second  step  in  natural  selection  is  the  testing  of  this 
variation  in  the  environment.  The  testing  causes  some  off¬ 
spring  to  survive  and  reproduce  and  causes  others  to  die. 
The  testing  process  sometimes  seems  cruel,  but  it  has  to 
occur.  This  is  because  the  parents  in  most  natural  popu¬ 
lations  produce  far  more  offspring  than  can  survive  or  than 
the  world  can  tolerate.  A  single  pair  of  frogs  will  produce 
thousands  of  eggs,  but  only  a  tiny  fraction  survive  to  be¬ 
come  adult  frogs.  An  orchid  plant  produces  thousands  of 
seeds,  but  few  will  survive  to  reproduce  more  orchids.  If 
all  the  offspring  lived  and  continued  to  reproduce,  the 
world  would  soon  be  buried  by  frogs  and  orchids. 

Which  offspring  of  the  many  produced  are  most  likely  to 
survive?  The  answer  to  that  question  determines  the  type 
of  adaptation  that  will  be  developed.  Frog  tadpoles  with  a 
body  color  that  would  hide  them  from  predators  could  be 
the  most  likely  survivors.  Orchid  seeds  that  can  survive 
several  months  of  dry  weather  might  also  be  the  likely  sur¬ 
vivors.  It  is  the  adaptation  that  has  survival  value  that  is 
likely  to  be  preserved  in  any  offspring.  In  turn,  the  survi¬ 
vors  will  pass  along  the  genes  for  this  adaptation  to  some 
of  their  offspring.  Then  the  adaptation  is  tested  again. 
Those  with  the  best  adaptations  survive  to  reproduce  and 
continue  the  process.  You  can  now  understand  that  over  a 
period  of  years  nature  selects  and  develops  adaptations  just 
as  a  plant  or  animal  breeder  does. 

10-4  The  example  of  the  peppered  moth  The 

development  of  an  adaptation  by  natural  selection  usually 
takes  longer  to  occur  than  by  artificial  selection.  However, 
the  development  of  some  adaptations  by  natural  selection 
has  occurred  rapidly  enough  to  have  been  observed  and 
studied. 

An  example  is  an  adaptation  of  the  peppered  moth  of 
England.  The  members  of  the  original  population  were 
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The  light-colored  moth  stands 
out  more  clearly  against  the  soot- 
covered  bark.  Its  chances  of 
being  spotted  by  a  predator  are 
increased. 


mostly  colored  a  light  gray,  speckled  with  black.  The  nor¬ 
mal  resting  place  of  the  moths  during  the  day  is  on  trees 
covered  with  a  gray  lichen,  a  plantlike  growth.  On  such 
trees  the  moths  are  almost  impossible  to  see.  This  color 
adaptation  helps  them  survive  bird  predators. 

In  1848,  near  the  industrial  city  of  Manchester,  a  black 
peppered  moth  was  found.  In  less  than  50  years,  98  per¬ 
cent  of  the  peppered  moths  near  Birmingham  were  black. 
The  logical  question  that  follows  is,  Why  should  the  pep¬ 
pered  moths  near  Birmingham  possess  the  dark-colored 
adaptation? 

Biologists  always  answer  any  question  concerning  the 
“why”  of  adaptations  with  another  question.  The  biologist 
must  ask,  What  selective  advantage  did  the  black  color  pro¬ 
vide  for  the  peppered  moths  near  Birmingham? 

The  answer  to  this  question  was  easy  to  discover  and 
prove.  All  the  industries  in  the  Birmingham  area  burned 
coal.  Over  a  period  of  years,  coal  dust,  or  soot,  had  settled 
on  the  trees,  killing  the  lichens  and  turning  the  trunks  and 
branches  black.  Later  experiments  proved  that  black  moths 
on  the  black  trees  survived  bird  predators  better  than  light- 
colored  moths  on  the  black  trees. 

How  did  natural  selection  cause  the  development  of  the 
black  moths?  It  did  so  by  the  two  steps  described  earlier. 
First,  variation  was  produced  within  the  original  pep- 
pered-moth  population.  Each  moth  had  its  own  unique 
color,  some  lighter  and  some  darker  than  others.  By  the 
second  step,  the  variation  in  colors  was  tested  in  the  envi¬ 
ronment.  Nature  selected  those  that  had  an  advantage  as 


148 


On  lichen-covered  bark,  the 
dark-colored  moth  stands  out 
more  clearly.  The  light-colored 
moth  has  a  better  chance  of 
surviving. 


the  trees  turned  darker.  The  moths  that  were  the  darkest 
color  had  the  best  chance  to  survive  and  pass  that  trait  on 
to  their  offspring.  As  the  trees  turned  darker  the  testing  and 
selection  continued,  with  the  darkest  individuals  always 
surviving.  The  result,  after  many  generations,  was  a  new 
adaptation  in  the  population— the  black  moth. 

10-5  DDT  and  flies  Another  example  of  natural  se¬ 
lection  has  been  observed  in  the  common  housefly  popu¬ 
lation.  During  World  War  II  the  chemical  called  DDT  was 
developed  and  used  to  kill  mosquitoes  and  other  insect 
pests.  After  the  war  it  became  widely  used  to  kill  many 
household  pests,  including  the  common  housefly.  In  a  few 
years  insect  populations  all  over  the  world  developed  an 
adaptation  that  protected  them  from  the  chemical. 

The  development  of  the  DDT-resistant  adaptation  can  be 
explained  by  the  two-step  process.  First,  variation  was  pro¬ 
duced  in  the  population.  For  example,  there  was  variation 
in  the  body  chemistry  of  the  different  flies.  A  few  had  a 
type  of  body  chemistry  that  protected  them  from  the  poi¬ 
sonous  effects  of  DDT.  Most  of  the  others  had  no  such  nat¬ 
ural  protection.  Second,  those  with  the  protective  body 
chemistry  survived  the  test  of  the  environment— the  spray¬ 
ing  with  DDT.  The  others  did  not.  The  survivors,  all  with 
natural  protection,  reproduced  among  themselves.  In  the 
process  they  passed  along  their  protective  genes  to  most  of 
their  offspring.  Then,  after  a  few  years,  most  of  the  flies  in 
the  population  were  of  one  kind.  1  his  was  a  fly  with  an 
adaptation  for  surviving  DDT. 
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10—6  Darwin  Versus  Wallace  In  1831  Charles 
Darwin  sailed  from  his  native  England  on  a  round-the- 
world  exploration.  Darwin  was  hired  as  the  ship’s  natural¬ 
ist.  His  job  was  to  collect  and  identify  as  many  plants  and 
animals  as  possible.  But  the  voyage  also  stimulated  his 
thinking  about  adaptations  and  the  different  forms  of  life 
that  he  observed.  After  the  voyage  Darwin  spent  most  of 
his  life  developing  and  explaining  the  concept  of  natural 
selection. 

Darwin’s  first  book  on  natural  selection,  On  the  Origin 
of  Species,  was  published  in  1859-  This  was  one  year  after 
Alfred  Russel  Wallace  had  given  Darwin  a  paper  that  also 
explained  natural  selection.  However,  Darwin  had  actually 
developed  the  concept  of  natural  selection  many  years  be¬ 
fore  Wallace  had.  Given  evidence  of  this  fact,  other  scien¬ 
tists  of  the  time  said  that  Darwin  should  receive  most  of  the 
credit.  That  is  certainly  how  the  majority  of  biologists  feel 
today. 


Both  Charles  Darwin  (left)  and  Alfred  Wallace  (right)  developed  the 
concept  of  natural  selection  independently. 
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Darwin’s  ideas  on  natural  selection  arose  partially  from  studies  of 
variation  in  beaks  of  1  3  species  of  finches  from  the  Galapagos  Islands. 


10—7  Darwin ,  evolution,  and  natural  selec¬ 
tion  Today  Darwin  is  often  thought  of  as  the  father  of 
evolution,  or  the  father  of  the  theory  of  evolution.  Neither 
would  be  a  correct  title  for  him.  To  explain,  we  must  de¬ 
fine  evolution  (ev  a  lii'shsn)  and  understand  what  Dar¬ 
win’s  concept  of  natural  selection  has  to  do  with  it. 

First,  evolution  can  be  defined  in  two  ways.  By  one  defi¬ 
nition,  evolution  is  the  process  by  which  populations 
change  and  develop  adaptations.  By  this  definition,  evolu¬ 
tion  is  a  fact,  for  we  have  observed  population  changes 
and  the  development  of  adaptations.  We  have  seen  popu¬ 
lations  of  cattle;  roses,  and  White  Leghorn  hens  develop 
adaptations  by  artificial  selection.  We  have  seen  popu¬ 
lations  of  peppered  moths,  bacteria,  and  houseflies  de¬ 
velop  adaptations  by  natural  selection. 

The  second  definition  of  evolution  more  correctly  refers 
to  the  theory  of  evolution.  The  theory  of  evolution 
states  that  all  organisms  today  have  evolved  from  related 
organisms  that  lived  in  the  past.  Further,  the  theory  holds 
that  all  organisms  have  evolved  from  life  that  formed  under 
natural  conditions  on  the  primitive  earth. 

Charles  Darwin  was  not  the  father  of  the  theory  of  evo¬ 
lution.  Many  scientists  before  Darwin  contributed  a  great 
amount  of  evidence  to  support  the  theory.  But  unfortu¬ 
nately  we  do  not  have  a  time  machine  that  will  allow  us  to 
see  exactly  what  has  happened  in  the  past.  Therefore  the 
theory  of  evolution  is  strictly  a  theory  and  will  always  re¬ 
main  so. 
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SCIENCE  TERMS 


natural  selection 
artificial  selection 
evolution 

theory  of  evolution 


The  concept  of  natural  selection  is  important  in  many  areas  of  biological 
research,  such  as  the  effects  of  antibiotics  on  bacterial  populations. 


However,  it  is  true  that  Darwin  did  contribute  evidence 
to  support  the  theory  of  evolution.  And  natural  selection 
does  give  the  paleontologist  a  way  of  explaining  how  life 
could  have  evolved  in  the  past.  But  it  would  be  wrong  to 
relate  Darwin’s  work  only  to  the  theory  of  evolution.  Natu¬ 
ral  selection  is  extremely  useful  to  a  wide  variety  of  biolo¬ 
gists  and  others  who  deal  with  life.  Ecologists  use  natural 
selection  to  predict  how  spraying  to  kill  forest  pests  could 
create  more  serious  pests.  Researchers  rely  on  natural  se¬ 
lection  to  explain  the  evolution  of  bacteria  and  viruses. 
Farmers  have  to  think  about  natural  selection  when  they 
fight  boll  weevils  that  destroy  their  cotton.  Plant  breeders 
consider  natural  selection  when  developing  disease-resis¬ 
tant  strains  of  wheat  to  feed  a  hungry  world.  To  summa¬ 
rize,  natural  selection  would  still  be  one  of  the  most  impor¬ 
tant  concepts  in  biology  even  if  we  had  never  heard  of  the 
theory  of  evolution. 


CHECK  YOUR  FACTS 

1.  Why  is  natural  selection  such  an  important  concept  in  bi¬ 
ology? 

2.  What  is  meant  by  artificial  selection? 

3.  How  is  variation  produced  in  a  population?  Why  is  varia¬ 
tion  necessary  for  natural  selection? 
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SUMMARY 


The  concept  of  natural  selection  is  one  of  the  most  important 
concepts  in  biology.  It  explains  how  populations  develop 
adaptations.  Mutations  and  recombination  of  genes  produce 
variety  within  a  population.  Traits  that  enable  certain  off¬ 
spring  to  survive  and  reproduce  will  be  preserved  in  the  pop¬ 
ulation,  while  individuals  without  these  traits  will  disappear 
from  the  population.  Artificially  selected  hens  and  naturally 
selected  black  moths  are  examples  of  how  an  entire  popu¬ 
lation  can  acquire  a  certain  adaptation.  Natural  selection  en¬ 
ables  populations  of  bacteria  and  pest  insects  to  resist  our  at¬ 
tempts  to  control  them.  Darwin  and  Wallace  both  developed 
the  concept  of  natural  selection.  However,  Darwin  is  given 
credit  for  developing  it  first.  Darwin  contributed  to  the  theory 
of  evolution,  but  he  did  not  originate  the  theory.  The  theory 
states  that  all  life  is  evolved  from  related  forms  that  lived  in 
the  past. 


REVIEW  QUESTIONS  

1.  Why  is  it  necessary  for  many  offspring  to  die  in  most  pop¬ 
ulations? 

2.  How  can  natural  selection  explain  the  original  gray  color 
of  the  peppered  moths?  What  happened  to  the  gray  moths 
as  the  trees  turned  darker? 

3.  Why  didn’t  DDT  kill  all  the  flies  in  the  population? 

4.  Why  are  most  houseflies  able  to  survive  the  spraying  of 
DDT? 

5.  Why  is  Darwin  usually  credited  with  first  developing  the 
concept  of  natural  selection  even  though  Wallace’s  pub¬ 
lished  work  preceded  Darwin’s? 

6.  Explain  the  two  uses  of  the  term  evolution. 

7.  Describe  the  theory  of  evolution.  What  did  Darwin  con¬ 
tribute  to  this  theory? 

8.  Explain  why  the  concept  of  natural  selection  is  valuable  in 
many  areas  that  have  nothing  to  do  with  the  theory  of  evo¬ 
lution? 


ANALYSIS  AND  APPLICATION 

1.  Sometimes  people  say  that  an  individual  organism  has  de¬ 
veloped  a  resistance  to  a  poison  or  antibiotic.  Why  is  that 
not  likely?  What  does  the  person  making  such  a  statement 
probably  mean? 

2.  Many  people  will  notice  a  specialized  adaptation  of  a  plant 
or  animal  and  will  ask  why  such  an  adaptation  should  be 
present.  How  does  the  biologist  phrase  such  a  question? 
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Early 


Humans 


Early  Humans 

11—1  Human  ancestors  Who  are  the  oldest  ances¬ 
tors  of  humans?  When  did  they  live?  What  were  they  like? 
Almost  every  person  has  wondered  about  those  questions 
at  one  time  or  another.  Those  questions  are  also  the  main 
concern  of  anthropologists  (an  thra  pol'a  jists).  An¬ 
thropologists  specialize  in  the  study  of  our  human  ances¬ 
tors.  This  study  includes  structure  and  appearance  of  early 
humans,  when  and  where  they  lived,  and  their  general 
way  of  life.  In  this  chapter,  we  shall  try  to  summarize  what 
anthropologists  have  discovered. 

11—2  The  earliest  creatures  In  1924  Raymond 
Dart,  a  South  African  anatomy  professor,  discovered  an  un¬ 
usual  skull.  It  was  found  in  rock  that  was  being  mined  in 
South  Africa.  Dart  examined  the  skull  and  saw  that  it  was 
unlike  anything  he  had  ever  seen.  It  had  humanlike  fea¬ 
tures.  But  it  also  had  characteristics  that  were  unlike  those 
of  modern  humans  or  human  fossils  that  had  been  discov¬ 
ered  up  to  that  time.  Dart  decided  that  the  skull  was  from  a 
type  of  creature  that  had  never  before  been  described.  He 
gave  this  new  creature  a  name:  Australopithecus  af- 
ricanus  (os  tra  15  pith'a  kas  af  ra  ka'nas)  (abbr.  A.  afri¬ 
canus). 

What  features  of  the  A.  africanus  skull  were  humanlike? 
It  was  from  a  creature  that  walked  upright,  on  two  legs. 
This  was  easy  to  determine  by  looking  at  the  location  of 
the  foramen  magnum  (fa  ra'man  mag'nam).  I  he 
foramen  magnum  is  the  opening  where  the  spinal  cord  en- 


This  is  the  skull  of  A.  africanus 
that  was  discovered  by  Raymond 
Dart  in  1  924.  Professor  Dart 
called  the  creature  the  Taungs' 
child. 
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FIGURE  I  1-1 

The  jaw  of  an  ape  (left)  is  U- 
shaped.  A  human  jaw  (right)  is 
bow-shaped.  The  jaw  of  A. 
africanus  was  similar  to  a 
human  jaw. 


ters  the  skull.  In  humans,  as  in  Australopithecus,  the  fora¬ 
men  magnum  is  underneath  the  skull  and  the  head  sits 
over  the  top  of  the  spine.  Animals  that  walk  on  four  legs 
have  the  foramen  magnum  at  the  back  of  the  skull. 

Other  humanlike  characteristics  included  the  shape  of 
the  teeth  and  the  way  they  were  arranged  in  the  jaws.  In 
animals  such  as  gorillas  and  chimpanzees  the  teeth  are  ar¬ 
ranged  in  an  upside-down  U  shape,  with  the  back  teeth 
nearly  parallel.  Humans  have  their  teeth  arranged  more 
like  an  upside-down  dish,  with  the  back  teeth  farther  apart 
than  the  others.  This  was  the  arrangement  in  A.  africanus. 
Another  dilference  was  in  the  spacing  between  the  front 
and  back  teeth.  Chimpanzees  and  related  animals  have 
spaces  where  the  large  canine  teeth  can  fit  when  the 
mouth  is  closed.  There  are  no  such  spaces  between  the 
teeth  in  humans  nor  were  there  any  in  A.  africanus. 

11—3  More  specimens  of  Australopithecus 

Since  1924  several  other  types  of  Australopithecus  have 
been  discovered.  It  is  now  possible  to  make  some  general 
statements  about  their  size,  when  they  lived,  and  how  they 
might  have  behaved. 

A.  africanus  was  less  than  1.5  m  tall  and  weighed  be¬ 
tween  36  and  45  kg.  Evidence  indicates  that  A.  africanus 
was  a  hunter  of  animals  and  lived  mostly  on  a  diet  of  meat. 
It  may  have  lived  from  5  to  5.5  million  years  ago. 

After  the  discovery  of  A.  africanus,  fossils  of  two  more 
related  creatures  were  discovered.  One,  called  Austra¬ 
lopithecus  rohustus  (ro  bus'tos),  was  larger  than  A. 
africanus.  A.  rohustus  weighed  about  65  kg.  Its  teeth  were 
larger  than  those  of  A.  africanus  and  were  adapted  to  the 
grinding  of  vegetable  food.  Also  the  skull  of  A.  rohustus 
had  a  ridge  down  the  middle,  like  that  of  a  gorilla  or  a 
chimpanzee.  Such  a  ridge  allowed  more  room  for  the  at¬ 
tachment  of  powerful  jaw  muscles  needed  to  chew  vegeta¬ 
tion. 
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The  other  creature  was  called  Australopithecus 
hoisei  (bwa'se).  It  was  even  larger  and  more  robust  than 
A.  robustus.  A.  boisei  had  large  back  teeth  and  a  very 
heavy  jaw.  This  indicates  that  it,  too,  was  a  vegetable  eater. 

At  present  there  is  no  widely  accepted  theory  on  how 
the  three  kinds  of  Australopithecus  relate  to  the  devel¬ 
opment  of  humans.  There  are  several  hypotheses,  but  no 
one  hypothesis  is  favored  by  a  majority  of  anthropologists. 
However,  most  believe  that  A.  robustus  and  A.  boisei  be¬ 
came  extinct. 

11—4  Homo  erectus  Anthropologists  consider  the 
first  true  human  to  be  Homo  erectus  (ho'mo  i  rek'tas). 
The  name  means  “upright  man.”  Many  Homo  erectus  fos¬ 
sils  have  been  found,  along  with  tools  and  other  evidence 
of  this  early  human’s  activities.  The  Java  man,  Heidelberg 


FIGURE  11-2 

The  skeletons  of  A,  africanus 
(left),  A,  robustus  (middle),  and 
A.  boisei  (right)  are  shown  in  the 
figure  below. 
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man,  and  Peking  man  are  older  names  for  the  first- 
discovered  Homo  erectus  fossils.  The  oldest  fossils  date 
back  1.3  million  years.  However,  it  is  believed  that  Homo 
erectus  became  widespread  over  Africa,  Asia,  and  Europe 
about  800  000  years  ago. 

Homo  erectus  fossils  indicate  that  these  people  were 
much  advanced  over  A.  africanus.  They  were  taller,  stand¬ 
ing  about  1.7  m.  The  brain  of  Homo  erectus,  on  the  aver¬ 
age,  was  almost  twice  as  large  as  that  of  A.  africanus.  In 
fact,  the  average  brain  size  of  Homo  erectus  was  within  the 
size  range  of  a  modern  human’s  brain.  A  larger  brain  does 
not  necessarily  mean  greater  intelligence.  But  it  is  consid¬ 
ered  to  be  a  good  indication  of  intelligence.  A  comparison 
suggests  that  Homo  erectus  was  much  more  intelligent 
than  A.  africanus. 

The  skull  is  the  area  that  clearly  shows  differences  be¬ 
tween  Homo  erectus  and  a  modern  human.  In  Homo 
erectus  the  forehead  sloped  backward  at  the  top.  The  bone 
above  the  eyes,  where  the  eyebrows  were  located,  was 
thick  and  stuck  out  over  the  eyes.  The  lower  jaw  was  large 
and  heavy,  with  almost  no  chin. 

To  see  the  other  differences  between  the  bones  of  Homo 
erectus  and  a  modern  human  requires  a  skilled  anatomist. 


FIGURE  11-3 

The  greater  spinal  curvature  in  the 
skeleton  of  H.  erectus  (right) 
probably  meant  a  more  erect 
posture  and  more  efficient 
walking  ability  than  in  A_. 
africanus. 
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FIGURE  11-4 

The  skulls  of  A.  africanus  (top) 
and  H.  erectus  are  shown  in  this 
figure.  H.  erectus  had  a  brain 
twice  as  large  as  that  of  _A. 
africanus. 


Mainly  the  bones  of  Homo  erectus  were  thicker  and  heav¬ 
ier.  Probably  the  individuals  themselves  had  more  heavily 
muscled  arms  and  legs  than  the  average  human  of  today. 

One  major  advancement  that  scientists  believe  occurred 
about  750  000  years  ago  was  the  use  of  fire  by  Homo 
erectus.  In  former  living  sites  such  as  caves,  where  fossils 
of  these  people  are  often  found,  there  is  usually  carbon 
and  charcoal  left  from  their  fires.  At  one  site  in  China,  the 
charcoal  was  about  6.5  m  deep.  This  suggests  that  the 
people  always  kept  a  fire  burning.  Fire  would  have  en¬ 
abled  them  to  survive  freezing  and  subfreezing  temper¬ 
atures.  Also,  fire  could  have  been  used  to  cook  food.  Cook¬ 
ing  would  have  made  plant  material  much  easier  to  chew 
and  digest.  It  could  have  made  all  the  food  taste  better.  Fire 
might  also  have  been  used  during  the  hunting  process. 
Most  animals  are  extremely  afraid  of  fire  and  always  run 
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away  from  it.  There  is  evidence  that  Homo  erectus  used 
tire  to  stampede  animals  over  cliffs  or  into  traps. 

11—5  The  Neanderthals  About  100  000  years  ago, 
another  group  of  humans  were  present  on  the  earth.  They 
were  the  Neanderthal  (ne  an'der  tal)  people,  named  af¬ 
ter  a  valley  in  Germany  where  their  fossils  were  first 
found. 

The  term  Neanderthal  is  often  used  to  describe  a  crude 
person.  Cartoons  often  show  “Neanderthals,”  picturing 
them  as  brutes  who  live  in  caves,  carry  clubs,  and  drag 
women  around  by  their  hair.  Such  opinions  of  the  Nean¬ 
derthals  are  based  largely  upon  older  research  and  ideas  of 
anthropologists.  For  many  years  the  Neanderthals  were 
thought  to  be  brutes  of  low  intelligence  and  with  crude, 
animallike  behavior. 

Anthropologists  of  today  have  more  respect  for  the 
Neanderthal  people.  In  fact,  they  give  Neanderthals  and 
modern  humans  the  same  scientific  name:  Homo  sapiens 
(sa'pe  snz).  The  Neanderthals  were  different  from  us 
mainly  in  the  shape  of  their  heads  and  in  facial  features. 
Their  foreheads  were  sloped,  and  they  had  large  brows. 
Their  lower  jaws  were  heavy  and  nearly  chinless.  In  gen¬ 
eral,  their  heads  and  facial  features  were  rather  similar  to 
those  of  Homo  erectus.  But  there  was  one  major  differ¬ 
ence.  The  Neanderthal  brain  was  larger,  about  the  same 
size  as  that  of  a  modern  human. 

The  Neanderthal  people  were  widely  spread  over 
Europe,  Africa,  and  Asia.  They  were  adaptable  enough  to 
survive  several  ice  ages.  Also  they  were  good  toolmakers, 
and  many  of  their  stone  axes  and  scrapers  have  been  found 
with  their  fossil  bones.  Many  Neanderthals  lived  in  caves, 
and  there  is  evidence  that  they  may  have  made  crude  shel¬ 
ters  out  of  animal  skins. 

11—6  A  mystery  About  40  000  years  ago  something 
happened  to  the  Neanderthals.  Fossils  of  more  recent 
Neanderthals  have  not  been  discovered.  This  has  led  to 
what  anthropologists  call  the  “Neanderthal  problem.” 
There  is  no  single  hypothesis  on  the  disappearance  of  the 
Neanderthals  that  has  much  evidence  to  support  it. 

In  the  absence  of  evidence,  the  scientist  often  develops 
speculation  which  is  a  guess  that  has  some  basis  in  fact. 
Speculation  is  definitely  not  the  type  of  information  to  be 
taken  seriously.  It  is  the  scientist’s  way  of  making  predic¬ 
tions  that  might  be  useful  for  further  study. 

There  is  much  speculation  about  the  Neanderthal  prob¬ 
lem.  One  idea  is  that  the  people  were  trapped  in  northern 


regions  by  advancing  glaciers.  Another  is  that  they  were 
wiped  out  by  some  kind  of  disease  epidemic  for  which 
they  had  no  natural  immunity.  Still  another  is  that  they 
were  wiped  out  by  a  new,  modern  type  of  human  that  re¬ 
placed  them. 

11  —  7  The  Cro-Magnons  Between  30  000  and 

40  000  years  ago,  a  modern  type  of  human  first  appeared. 
This  type  of  human  was  named  Cro-Magnon  (kro 
mag'non),  after  the  place  in  France  where  it  was  first  dis¬ 
covered.  The  Cro-Magnons  were  much  taller  and  more 
erect  than  the  Neanderthals.  They  had  vertical  foreheads 
with  almost  no  browridges.  Their  faces  were  vertical  on 
the  sides  and  with  a  prominent  chin. 

The  Cro-Magnons  were  advanced  over  the  Neanderthals 
in  many  ways.  They  made  very  fine  stone  weapons  and 
tools.  They  used  clay  to  make  pottery.  Their  burial  pro¬ 
cedures  were  much  more  elaborate.  Some  skeletons  have 
been  found  with  primitive  jewelry. 

Probably  the  most  remarkable  product  of  the  Cro- 
Magnons  is  their  art.  In  several  caves  in  Europe,  there  are 
color  paintings  that  were  made  by  these  people.  The  paint¬ 
ings  are  mostly  of  animals,  and  they  are  usually  in  deep  re¬ 
gions  of  the  caves,  where  people  would  not  have  lived. 
They  were  probably  not  decorations  but  may  have  served 
some  spiritual  purpose.  The  paintings  show  many  animals 
that  were  hunted  for  food,  so  perhaps  they  were  shrines 
that  the  people  visited  before  the  hunt. 
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Homo  erectus 

Neanderthal 

Homo  sapiens 

speculation 

Cro-Magnon 

Tasaday 


The  cave  art  of  the  Cro-Magnons 
indicates  that  these  first  modern 
humans  had  a  fairly  advanced 
culture. 


«sSS&&- 


Anthropologists  often  study 
present-day  primitive  societies  to 
help  them  understand  how  our 
ancestors  may  have  lived. 


11—8  Another  type  of  study  Up  to  now,  the  evi¬ 
dence  we  have  discussed  concerning  primitive  numans 
and  humanlike  creatures  has  been  based  upon  fossils.  But 
this  is  not  the  only  approach  used  by  anthropologists.  An¬ 
other  method  is  to  study  primitive  people  who  are  living 
today  or  who  have  lived  in  the  recent  past. 

Within  the  past  100  years,  many  primitive  societies  have 
been  studied.  The  native  North  and  South  Americans  have 
a  variety  of  tribes  with  primitive  characteristics.  The  Ama¬ 
zon  River  region  of  South  America  still  has  a  few  societies 
that  live  much  as  they  did  in  the  past.  Some  parts  of  Africa, 
the  East  Indies,  and  Australia  also  have  peoples  who  only 
recently  have  come  in  contact  with  modern  humans. 

Probably  the  most  unusual  group  of  people  living  today 
is  a  small  band  that  was  first  visited  by  anthropologists  in 
1971.  They  are  the  Tasaday  (to  so  dl').  They  live  in  the 
Philippines,  and  there  are  only  about  25  in  their  band. 
What  is  so  unusual  is  that  they  have  always  lived  in  com¬ 
plete  isolation  from  modern  humans.  They  live  in  a  cave. 
They  make  and  use  stone  tools.  They  hunt  with  primitive 
weapons  and  fish  with  their  hands.  They  make  fire  by 
twirling  a  round  stick  in  a  wooden  base.  By  studying  the 
Tasaday,  anthropologists  feel  they  are  seeing  how  our  an¬ 
cestors  might  have  lived  thousands  of  years  ago. 


CHECK  YOUR  FACTS 


1.  What  are  anthropologists? 

2.  How  do  we  know  that  A.  africanus  walked  upright? 

3.  In  what  ways  were  the  jaws  and  teeth  of  A.  africanus 
more  like  those  of  modern  humans  than  they  were  like 
those  of  chimpanzees? 
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SUMMARY 


Anthropologists  try  to  unravel  the  mysteries  surrounding  the 
earliest  ancestors  of  modern  humans.  Australopithecus  afri- 
canus  was  very  primitive  but  had  many  humanlike  traits.  It 
walked  upright  and  made  crude  tools.  The  related  creatures 
A.  robustus  and  A.  boisei  were  adapted  to  eat  vegetation;  A. 
africanus  ate  meat.  Anthropologists  are  not  sure  whether 
Australopithecus  is  related  to  modern  humans. 

Homo  erectus  had  a  large  brain  and  used  fire.  Homo 
erectus,  it  is  believed,  became  widespread  about  800  000 
years  ago. 

Though  commonly  considered  to  be  stupid  brutes,  the 
Neanderthals  were  probably  quite  intelligent.  They  cared  for 
others  and  performed  burial  ceremonies.  They  survived 
through  several  ice  ages— a  sign  that  they  were  adaptable. 
About  40  000  years  ago,  the  Neanderthals  vanished. 


REVIEW  QUESTIONS 

1.  How  was  A.  robustus  different  from  A.  africanus ? 

2.  When  did  Homo  erectus  become  widespread?  How  were 
they  advanced  over  A.  africanus ? 

3.  What  are  some  anatomical  differences  between  Homo 
erectus  and  modern  humans? 

4.  How  might  Homo  erectus  have  used  fire? 

5.  What  evidence  exists  to  indicate  that  Neanderthals  were 
not  stupid  brutes? 

6.  What  is  meant  by  the  “Neanderthal  problem”?  What 
might  have  happened? 

7.  What  is  considered  to  be  the  most  remarkable  product  of 
the  Cro-Magnons? 

8.  Why  are  anthropologists  studying  the  Tasaday? 


ANALYSIS  AND  APPLICATION _ 

1.  Suppose  that  you  and  a  friend  find  a  skull  while  digging  in 
a  hillside.  After  examining  the  skull,  you  think  that  it  is  the 
skull  of  an  ape.  However,  your  friend  feels  that  it  is  the 
skull  of  a  human.  What  features  of  the  skull  could  be  used 
to  determine  who  is  correct? 

2.  An  anthropologist  finds  a  humanlike  skull  while  on  a  dig 
in  Asia.  The  skull  is  determined  to  be  that  of  an  individual 
of  the  Homo  erectus  type.  How  would  this  skull  differ 
from  the  skull  of  a  modern  human? 

3.  Apparently  there  were  at  least  three  different  species  of 
Australopithecus  living  in  Africa  around  the  same  time. 
How  do  scientists  know  that  two  of  these  were  basically 
plant  eaters? 
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12  '  I 

Classification 


12—1  The  need  for  classification  Can  you  imag¬ 
ine  going  to  a  library  where  2  million  books  are  on  the 
shelves,  but  in  no  special  order?  To  find  one  specific  book 
you  might  spend  weeks  or  even  months.  However,  we  do 
not  have  that  problem  when  we  go  to  a  library.  The  books 
are  classified  into  a  system  that  we  can  understand  and  use. 
This  system  classifies  books  that  are  similar  into  groups— 
fiction,  nonfiction,  travel,  history,  aircraft,  and  so  on.  Out 
of  2  million  books,  we  should  be  able  to  find  any  specific 
book  within  a  few  minutes. 

No  biologist  knows  exactly  how  many  different  kinds  of 
organisms  have  been  identified.  Estimates  begin  at  about  2 
million  and  range  upward.  Describing  and  studying  this 
many  different  organisms  would  be  impossible  without 
some  means  of  classification.  This  need  for  classification 
was  recognized  many  centuries  ago.  Organisms  were  clas¬ 
sified  into  broad  categories,  such  as  plants,  animals,  trees, 
worms,  birds,  snakes,  and  grasses.  Over  the  years  the  sys¬ 
tem  of  classification  has  evolved  to  fit  all  the  newly  discov¬ 
ered  organisms.  They  are  now  classified  according  to  a 
basic  method  that  is  recognized  by  all  biologists  of  the 
world.  This  method,  and  the  ideas  that  it  is  based  upon, 
will  be  discussed  in  this  chapter. 

12-2  The  basis  for  classification  Organisms 
are  classified  on  the  basis  of  their  relationships  to  each 
other.  In  turn,  these  relationships  are  based  upon  evidence 
of  common  ancestors  and  their  theoretical  evolution.  In 
other  words,  organisms  are  classified  according  to  their 
theoretical  evolutionary  relationships  to  each  other. 
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While  several  species  of  thrushes 
are  very  similar  in  appearance, 

their  songs  are  quite  distinct  and  A  group  of  related  organisms  can  be  classified  in  a  cate- 
often  serve  to  identify  them  gory  called  a  taxon  (tak'ssn)  (pi.  taxa).  Biologists  who 

accurately.  specialize  in  classifying  organisms  are  called  tax¬ 

onomists  (tak  son'a  mists). 

Taxonomists  use  a  variety  of  evidence  in  classifying  or¬ 
ganisms  into  taxa.  Body  structure  is  the  most  commonly 
used  type  of  evidence.  For  example,  all  animals  with  feath¬ 
ers  fit  into  one  taxon— the  birds— while  all  animals  with 
hair  fit  into  another— the  mammals. 

For  many  organisms,  body  structure  alone  is  not  suf¬ 
ficient  evidence  for  classification.  In  eastern  North  Amer¬ 
ica,  for  example,  there  are  four  thrushes  (a  type  of  bird) 
that  are  similar  in  appearance.  Experts  are  sometimes  con¬ 
fused  when  they  try  to  identify  them.  However,  the  four 
thrushes  have  very  different  songs,  and  they  also  differ  in 
their  food-gathering  habits.  Therefore  differences  in  be¬ 
havior  are  another  kind  of  evidence  that  is  used  in  the  clas¬ 
sification  process. 

12—3  The  concept  of  species  Up  to  now  we  have 
said  that  there  are  different  kinds  of  organisms.  Now  we 
must  be  more  precise.  We  must  substitute  the  term  species 
for  kind.  In  general,  a  species  includes  just  one  kind  of  or¬ 
ganism.  But  there  is  a  more  precise  definition,  and  it  re¬ 
quires  some  explanation. 

First,  we  must  review  the  concept  of  the  population. 
A  population  is  a  group  of  organisms  of  one  kind,  defined 
in  space  and  time.  This  could  be  the  population  of  red 
squirrels  in  Banff  National  Park,  Alberta,  in  June. 

Second,  we  must  explain  what  is  meant  by  a  natural 
population.  This  is  a  population  that  interbreeds  in  na¬ 
ture  and  is  not  controlled  by  humans.  A  population  of  pea¬ 
cocks  in  St.  George’s  Island  Zoological  Gardens  in  Calgary 
is  not  a  natural  population. 
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Third,  we  must  introduce  the  concept  of  reproductive 
isolation  (re  prs  duk'tiv  f  S3  la'shan).  A  reproductively 
isolated  organism  is  one  that  is  prevented  from  breeding 
with  another  organism  by  some  mechanism.  This  mecha¬ 
nism  might  be  a  difference  in  reproductive  organs  or  a  dif¬ 
ference  in  reproductive  behavior.  Or  the  isolation  could 
occur  at  the  cellular  level.  The  sperm  and  egg  might  not 
fuse,  or  a  fertilized  egg  might  not  divide. 

Now  we  can  deline  a  species.  A  species  (spe'shez)  is 
one  or  more  groups  of  interbreeding  natural  populations 
that  are  reproductively  isolated  from  other  such  groups.  A 
natural  population  of  red  squirrels  in  Banff  National  Park, 
Alberta,  may  belong  to  the  same  species  as  a  population  of 
red  squirrels  in  Whiteshell  Provincial  Park,  Manitoba.  If 
they  can  interbreed  but  are  reproductively  isolated  from 
other  squirrels,  by  definition  they  are  of  the  same  species. 


The  mule  deer,  Odocoilius 
hemionus  (top),  and  the  white¬ 
tailed  deer,  Odocoilius  virginiana 
(bottom),  are  closely  related 
species.  Although  their  ranges 
overlap,  the  white-tailed  deer  is 
found  in  North  America  from  the 
east  to  the  Rocky  Mountains, 
while  the  mule  deer  is  found  from 
the  Rocky  Mountains  to  the 
Pacific  coast. 
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CLASSIFICATION  KEY 


To  identify  the  leaves  shown  on  these  pages,  use  the 
Classification  Key.  The  key  consists  of  a  series  of 
paired  statements.  To  identify  a  leaf  decide  which 
statement  in  the  first  pair  accurately  describes  that 
leaf.  Go  to  the  pair  of  statements  indicated  by  the 
number  following  your  choice.  Again  decide  which 
statement  describes  the  leaf.  If  the  statement  is  fol¬ 
lowed  by  the  name  of  a  plant,  you  have  identified  the 
leaf.  If  the  statement  is  followed  by  a  number,  go  to 
that  pair  of  statements  to  make  another  choice.  Con¬ 
tinue  the  process  until  you  have  identified  the  leaf. 
Using  the  key,  all  of  the  leaves  can  be  identified. 


1 .  Leaf  compound,  consisting  of  three  or  more  leaf¬ 
lets  _  2 

1.  Leaf  not  compound  _  3 


2.  Leaf  with  five  leaflets;  fruit,  a  pair  of  winged 
seeds  _  box  elder  Acer  negundo 

2.  Leaf  with  more  than  five  leaflets;  fruit,  a  nut _ 

_  black  walnut  Jug  Ians  nigra 


3.  Leaf  needlelike  -  4 

3.  Leaf  not  needlelike  -  7 

4.  Needles  in  bundles  of  two  or  three  _  5 

4.  Needles  not  in  bundles  _  6 


4.  Needles  in  bundles  of  two  or  three  _  5 

4.  Needles  not  in  bundles  _  6 
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5.  Needles  in  bundle  of  three  _ _ _ 

-  loblolly  pine  Pinus  taeda 

5.  Needles  in  bundle  of  five  _ 

western  white  pine  Pinus  monticola 

6.  Needles  arranged  around  stem,  cone  scales  open 

-  Douglas  fir  Pseudotsuga  taxifolia 

6.  Needles  arranged  around  stem,  cone  scales 

closed  -  white  fir  Abies  concolor 

7.  Leaf  scalelike  and  covering  stem  _ 

eastern  red  cedar  Juniperus  virginiana 

7.  Leaf  flat,  not  scalelike  _  8 

8.  Leaf  edge  smooth  _  9 

8.  Leaf  edge  not  smooth  _  10 

9-  Fruit,  a  long  pod  _ 

_  northern  catalpa  Catalpa  speciosa 

9-  Fruit,  an  acorn  _ 

_  live  oak  Quercus  virginiana 

10.  Leaf  edge  like  a  saw  blade;  fruit,  a  winged  seed 

_  American  elm  Vim  us  americana 

10.  Leaf  edge  with  sharp  points  and  rounded  in¬ 
dentations;  fruit,  an  acorn  - 

_  pin  oak  Quercus  palustris 
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Table  12-1  Classification  of  Four  Organisms 


Human 

Dog 

Honeybee 

Live  Oak 

Kingdom 

Animalia 

Animalia 

Animalia 

Plantae 

Phylum 
(or  Division) 

Chordata 

Chordata 

Arthropoda 

Tracheophyta 

Class 

Mammalia 

Mammalia 

Insecta 

Angiospermae 

Order 

Primate 

Carnivora 

Hymenoptera 

Fagales 

Family 

Hominidae 

Canidae 

Apidae 

Fagaceae 

Genus 

Homo 

Canis 

Apis 

Quercus 

Species 

sapiens 

familiaris 

mellifera 

virginiana 

12-4  The  major  categories  In  the  1700s  a  Swed¬ 
ish  botanist  named  Carolus  Linnaeus  devised  a  series  of 
classification  categories.  Since  then  his  categories  have 
been  modified  and  adopted  by  taxonomists.  These  cate¬ 
gories  are  arranged  in  a  hierarchy,  which  is  a  series  of  lev¬ 
els  of  increasing  number  or  complexity. 

The  highest  category,  which  contains  the  largest  num¬ 
ber  of  organisms,  is  the  kingdom.  All  plants  belong  to 
the  kingdom  Plantae.  All  animals  belong  to  the  kingdom 
Animalia.  We  shall  have  more  to  say  about  kingdoms  later. 

Below  the  kingdom  is  the  phylum  (fi'lom)  (pi.  phyla), 
although  many  botanists  prefer  to  use  the  term  division 
for  this  level  of  classification.  Each  kingdom  is  made  up  of 
several  phyla,  or  divisions. 

The  next  categories,  in  sequence  below  the  phylum,  or 
division,  are  the  class,  order,  family,  genus  (je'nus), 
and  species.  In  Table  12-1  you  can  see  how  four  organ¬ 
isms  are  classified  in  all  the  different  categories. 

12—5  The  scientific  name  Linnaeus  also  estab¬ 
lished  a  procedure  for  naming  organisms.  Each  organism  is 
given  a  scientific  name,  which  consists  of  two  Latin 
words.  The  first  word  is  the  name  of  the  genus  to  which 
the  organism  belongs.  The  second  word  is  the  name  of  the 
species.  The  scientific  name  is  the  most  specific  identi¬ 
fication  of  an  organism.  For  example,  the  scientific  name  of 
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SCIENCE  TERMS 


In  different  parts  of  North  America,  Felis  concolor  (above)  is  called  a 
cougar,  a  puma,  or  a  mountain  lion. 


taxon 

taxonomists 

population 

natural  population 

reproductive  isolation 

species 

kingdom 

phylum 

division 

class 

order 

family 

genus 

scientific  name 


the  common  house  cat  is  Felis  catus.  Felis  is  the  genus  to 
which  the  house  cat  belongs;  catus  is  its  species  name.  A 
closely  related  cat  is  the  cougar.  The  scientific  name  of  the 
cougar  is  Felis  concolor. 

It  is  common  practice  to  underline  or  italicize  scientific 
names.  Also,  the  Latin  names  of  all  categories  other  than 
species  are  capitalized. 

A  species  name  may  reflect  the  location  where  an  organ¬ 
ism  is  found,  or  it  may  describe  a  physical  feature  of  the 
organism.  Some  organisms  are  named  for  people.  For  ex¬ 
ample,  the  aquatic,  or  water,  buttercup  is  named  Ranun¬ 
culus  aquatilis.  The  wild  iris,  named  after  Missouri,  is  Iris 
missouriensis.  Sagebrush  has  three  toothlike  structures  on 
the  ends  of  its  leaves.  Its  scientific  name  is  Artemesia  tri- 
dentata,  and  the  species  name  means  ‘three  teeth.’’  The 
syringa,  or  mock  orange,  is  named  after  Meriwether  Lewis 
of  the  Lewis  and  Clark  expedition.  Its  scientific  name  is 
Philadelphus  lewisii. 

12—6  The  advantage  of  scientific  names 

Scientific  names  often  seem  strange  or  difficult  to  begin¬ 
ning  students  of  biology.  But  they  have  one  important 
advantage  over  common  names  for  which  there  are  no 
standards.  The  advantage  of  the  scientific  name  is  that  it  re¬ 
mains  the  same  in  all  countries  of  the  world. 
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Table  12-2 


Eleven  Common 
Names  for  Dog 


French 

chien 

German 

Hund 

Italian 

cane 

Spanish 

perro 

Polish 

pies 

Russian 

sabaka 

Dutch 

bond 

Hebrew 

kelev 

Japanese 

inu 

Hindi 

kutha 

Basque 

Txakurra 

Let  us  use  the  example  of  the  word  dog,  shown  in  Table 
12-2,  to  explain  the  advantage  of  scientific  names.  The 
common  name  dog  is  used  to  describe  a  specific  kind  of  an¬ 
imal  in  English-speaking  countries.  In  France  the  same  ani¬ 
mal  is  called  a  chien ;  in  Germany,  a  Hund;  and  in  Russia,  a 
sabaka.  Yet  in  all  these  countries  anyone  could  speak  of 
this  animal  by  calling  it  Canis  familiaris,  its  scientific  name. 

12—7  Taxonomic  problems  One  problem  of  the 
taxonomist  is  that  no  single  person  can  be  an  authority  ex¬ 
cept  on  relatively  small  groups  of  organisms.  A  good  tax¬ 
onomist,  after  spending  a  lifetime  studying  a  special  group, 
might  recognize  from  2  000  to  3  000  species  on  sight.  But 
that  is  only  a  tiny  fraction  of  all  the  living  organisms. 

Another  problem  has  to  do  with  classifying  organisms 
into  different  categories.  Dividing  up  all  the  earth’s  organ¬ 
isms  into  kingdoms  is  an  example  of  such  a  problem.  Years 
ago  the  problem  did  not  exist.  Everything  was  either  a 
plant  or  an  animal,  so  taxonomists  divided  all  organisms 
into  two  kingdoms.  Then,  after  the  discovery  of  micro¬ 
organisms,  a  new  problem  arose.  Some  microorganisms 
acted  like  animals  because  they  swam  around  in  the  water 
and  fed  on  other  organisms.  Others  had  chloroplasts  and 
made  their  own  food,  like  plants.  But  many  micro¬ 
organisms  were  like  the  single-celled  organism  called  Eu- 
glena  (yu  gle'no).  Euglena  swims  like  an  animal  but  has 
chloroplasts  and  makes  its  own  food. 

To  solve  this  problem,  a  third  kingdom  was  proposed  for 
the  microorganisms— kingdom  Protista.  This  kingdom  was 
generally  accepted  until  studies  with  the  electron  micro¬ 
scope  showed  major  differences  in  cells.  Certain  cells,  the 
procaryotic  cells,  do  not  have  nuclei  or  other  membrane- 
enclosed  organelles.  The  bacteria  and  blue-green  algae  are 
made  up  of  procaryotic  cells.  Therefore  a  new  kingdom 
was  proposed  for  the  bacteria  and  blue-green  algae.  This  is 
the  kingdom  Monera.  Many  biologists  now  feel  that  there  is 
more  difference  between  the  monerans  and  protists  than 
between  plants  and  animals. 

In  recent  years  a  number  of  biologists  have  suggested 
that  there  should  be  a  fifth  kingdom— kingdom  Fungi 
(fun'jo).  It  is  possible  that  the  five-kingdom  classification 
system  will  change  as  new  information  is  discovered  about 
organisms. 

CHECK  YOUR  FACTS 

1.  Why  is  classification  necessary? 

2.  What  is  the  main  basis  for  classification? 

3.  What  are  taxa?  What  do  taxonomists  do? 
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SUMMARY 

To  describe  and  study  the  many  types  of  organisms,  it  is  nec¬ 
essary  to  classify  them.  All  organisms  are  classified  according 
to  a  basic  method  that  is  recognized  by  biologists  all  over  the 
world.  They  are  classified  according  to  their  theoretical  evolu¬ 
tionary  relationship  to  other  organisms.  Body  structure  is 
common  evidence  used  to  classify  organisms,  but  it  alone  is 
not  sufficient  in  many  cases.  Biologists  who  specialize  in  clas¬ 
sifying  organisms  are  called  taxonomists.  A  population  is  a 
group  of  organisms  of  one  kind,  defined  in  space  and  time. 


REVIEW  QUESTIONS 

1.  What  is  a  population?  When  is  a  population  considered 
natural? 

2.  Explain  reproductive  isolation.  Name  some  mechanisms  of 
reproductive  isolation. 

3.  Define  a  species. 

4.  Name  two  contributions  that  Linnaeus  made  to  taxonomy. 

5.  Name  the  major  categories,  in  sequence,  above  the 
species. 

6.  What  are  the  two  parts  of  the  scientific  name?  Why  are 
these  names  useful  to  biologists? 

7.  Why  was  kingdom  Protista  formed?  Why  was  kingdom 
Monera  proposed  not  long  after  that? 


ANALYSIS  AND  APPLICATION 

Listed  below  are  ten  scientific  names  and  opposite  them  are 
ten  common  names.  Use  a  dictionary  to  find  clues  that  will 
help  you  match  each  scientific  name  with  the  correct  com¬ 
mon  name.  List  the  root  words  and  clues  used  to  make  your 
decisions. 

1.  Cleomelutea  A. 

2.  Trifolium  macrocephalum 

3.  Adalia  bipunctata  B. 

4.  Hydrophyllum  capitum  C. 

5.  Sarcophagus  haemorrhoidalis  D. 

6.  Helianthus  annuus 

7.  Musca  domes tica 

8.  Campanula  rotundifolia  E. 

9.  Circium  vulgare 

10.  Allium  cernuum  F. 

G. 

H. 

I. 

J- 


two-spotted  lady¬ 
bird  beetle 
sunflower 
round  bluebell 
flesh  fly  that  bites 
and  brings  blood 
to  surface 
common  bull 
thistle 
housefly 
water  leaf 
bighead  clover 
yellow  bee  plant 
nodding  onion 
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UNIT  2  REVIEW 


1.  What  is  the  difference  between  continuous  and  dis¬ 
continuous  traits? 

2.  Since  the  sickle-cell  gene  (Hbs)  usually  leads  to  early 
death  in  persons  homozygous  for  the  trait,  why  is  the 
gene  so  common  in  populations  of  African  people? 

3.  A  woman  with  blood  type  A  (genotype  AO)  marries  a 
man  with  blood  type  AB  (genotype  AB).  Determine  the 
possible  blood  types  of  their  offspring. 

4.  Explain  the  nature  of  Klinefelter’s  syndrome  and 
Turner’s  syndrome.  How  do  these  chromosomal  aberra¬ 
tions  occur? 

5.  Use  the  library  to  find  information  on  sex-linked  traits 
other  than  hemophilia  and  color-blindness.  Why  are 
these  recessive  genes  normally  expressed  only  in  males? 

6.  Artificial  selection  has  resulted  in  the  development  of 
many  different  breeds  of  dogs,  cats,  milk  cows,  and  other 
animals.  Select  one  type  of  animal  and  prepare  a  report 
on  the  various  breeds,  their  particular  qualities,  and  ap¬ 
proximately  when  they  were  developed. 

7.  Natural  selection  is  frequently  important  in  the  devel¬ 
opment  of  strains  of  bacteria  resistant  to  antibiotics.  Ex¬ 
plain  how  natural  selection  operates  in  this  situation. 

8.  Investigate  the  theory  of  evolution  proposed  by  Jean 
Baptiste  Lamarck.  Why  is  this  theory  generally  not  ac¬ 
cepted  by  modern  biologists? 

9.  Prepare  a  report  on  the  contributions  of  Louis  and  Mary 
Leakey  to  our  understanding  of  human  ancestry. 

10.  List  some  features  of  the  skeleton  of  Australopithecus 
africanus  that  indicate  that  this  creature  may  be  a  hu¬ 
man  ancestor. 

1 1 .  One  of  the  most  famous  hoaxes  in  science  was  known  as 
Piltdown  man.  Find  out  about  the  Piltdown  hoax  and 
how  it  was  discovered. 

12.  Many  members  of  the  dog  family,  Canidae,  are  familiar  to 
most  people.  Find  the  scientific  names  of  the  following 
members  of  the  family  Canidae:  gray  wolf;  red  wolf;  coy¬ 
ote;  red  fox;  gray  fox;  arctic  fox. 

13.  What  is  a  species?  What  is  the  difference  between  a  spe¬ 
cies  and  a  population? 

14.  The  dog  is  a  member  of  the  order  Carnivora.  Name  some 
other  animals  that  are  also  in  this  order  but  not  in  the 
family  Canidae. 

15.  What  are  some  of  the  problems  that  occur  when  using  a 
two-kingdom  (plant  or  animal)  approach  to  classifica¬ 
tion? 


MICROBIOLOGY 


The  world  around  us  is  filled  with 
countless  numbers  of  microscopic 
creatures.  The  air,  the  water,  and  the 
soil  abound  with  invisible  life.  These 
microbes,  or  microscopic  living  things, 
are  the  subject  of  microbiology . 

Viruses,  the  smallest  of  microbes, 
occupy  the  border  between  life  and 
nonlife.  Bacteria  and  other  microbes 
are  true  living  organisms,  but  most 
exist  in  the  form  of  single  cells.  Of  all 
the  many  microbes  on  earth,  only  a  few 
are  causes  of  disease.  Many  others 
perform  useful  and  necessary 
functions.  People  have  even  learned  to 
put  microbes  to  work  in 
manufacturing  processes. 


The  Nature  of  Viruses 

13-1  What  is  a  virus?  As  with  many  of  the  mi¬ 
crobes,  viruses  (vl'rss  ez)  were  first  identified  as  agents 
of  disease.  Influenza,  measles,  smallpox,  and  poliomyelitis 
are  diseases  caused  by  viruses.  But  what  is  a  virus?  Is  a 
virus  a  living  organism?  There  is  no  answer  for  either  of 
these  questions  that  is  acceptable  to  all  biologists.  Perhaps 
it  is  simplest  to  view  viruses  as  occupying  a  border  be¬ 
tween  the  living  and  the  nonliving. 

Viruses  possess  one  of  the  most  important  characteristics 
of  life.  They  are  able  to  reproduce  themselves  just  as  all  liv¬ 
ing  organisms  do.  However,  viruses  do  not  have  a  system 
for  transforming  energy.  Therefore  they  cannot  grow  more 
or  respond  to  information  from  their  environment.  Viruses 
also  lack  the  cellular  organization  that  is  characteristic  of 
living  things.  They  have  no  nucleus  or  other  organelles 
and  no  cytoplasm.  A  virus  must  enter  into  a  living  host  cell 
before  it  can  reproduce. 

While  viruses  lack  many  of  the  characteristics  of  life, 
there  is  good  reason  to  consider  them  along  with  living  or¬ 
ganisms.  This  is  because  their  body  is  made  up  of  nucleic 
acid  (either  DNA  or  RNA)  and  proteins.  These  substances 
are  always  associated  with  life  and  are  unlike  the  nonliving 
materials  of  this  world. 

Viruses  are  extremely  small  particles.  I  hey  are  able  to 
pass  through  the  tiny  pores  of  filters  used  to  remove  bac¬ 
teria  from  liquids.  It  would  take  about  33  000  of  the  largest 
viruses,  laid  end  to  end,  to  cover  1  cm.  Since  viruses  are  so 
small,  they  cannot  be  seen  with  the  ordinary  light  micro- 
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HUMAN  RESPIRATORY  VIRUS 
(70  nm) 


TOBACCO  MOSAIC  VIRUS 
(15x300  nm) 

FIGURE  13-1 

The  shapes  of  several  different 
types  of  viruses  are  shown  in  the 
illustration  above.  The  size  of 
each  type  of  virus  is  also 
indicated. 


scope.  Most  of  our  knowledge  about  the  structure  of  vi¬ 
ruses  had  to  await  the  development  of  the  electron  micro¬ 
scope.  These  modern  instruments  have  shown  viruses  to 
exist  in  a  variety  of  forms.  Some  have  simple  geometric 
shapes,  such  as  spheres,  cubes,  and  rods.  Others  take  more 
complex  forms  with  head  and  tail  regions. 

13—2  Viruses  and  history  Virus  diseases  have 
been  with  us  since  the  beginning  of  history.  Examinations 
of  the  remains  of  ancient  Egyptians  have  found  skin  mark¬ 
ings  closely  resembling  those  left  by  smallpox.  Other  Egyp¬ 
tian  remains  show  traces  of  poliomyelitis.  Smallpox 
epidemics  were  recorded  in  China  3000  years  ago.  In  fif¬ 
teenth-  and  sixteenth-century  Europe,  smallpox  was  wide¬ 
spread  and  was  considered  to  be  an  ordinary  part  of  life.  It 
was  observed  that  a  person  who  had  contracted  it  and  sur¬ 
vived  would  almost  certainly  not  get  it  again.  This  type  of 
observation  led  to  the  first  experiments  with  viruses. 

In  the  1790s  Edward  Jenner  observed  that  dairy  workers 
who  had  acquired  cowpox  from  diseased  animals  were  im¬ 
mune  to  smallpox.  He  reasoned  that  cowpox  and  smallpox 
must  be  similar  and  that  exposure  to  one  would  cause  im¬ 
munity  to  the  other.  Jenner  tested  his  idea  by  scratching 
some  fluid  from  cowpox  sores  into  the  skin  of  a  boy  who 
had  not  had  smallpox.  The  boy  developed  an  immunity  to 
smallpox.  Jenner  had  invented  vaccination  and  had  suc¬ 
ceeded  in  preventing  a  virus  disease. 

In  1884  Louis  Pasteur  had  similar  success  in  vaccinating 
people  against  rabies,  another  virus  disease.  There  is  no 
natural  mild  form  of  rabies  with  which  to  create  immunity 
in  humans.  Pasteur  had  to  create  the  mild  form  of  the 
virus.  He  did  this  by  obtaining  material  from  the  brain  of  a 
rabid  dog  and  injecting  it  into  a  rabbit.  When  the  rabbit 
died,  Pasteur  injected  material  from  its  brain  into  another 
rabbit.  Each  time  this  procedure  was  repeated,  the  virus 
caused  a  more  severe  disease  in  rabbits  and  a  less  severe 
disease  in  dogs.  This  weakened  form,  called  an 
attenuated  (9  ten'yii  a  tid)  virus,  could  then  be  used  to 
vaccinate  people.  Pasteur’s  technique  of  producing  atten¬ 
uated  viruses  is  still  used  today.  The  vaccines  used  against 
poliomyelitis  and  measles  contain  “live”  attenuated 
viruses. 

A  few  decades  later,  viruses  that  infect  bacteria  were  dis¬ 
covered.  Such  viruses  are  called  bacteriophages  (bak 
tir'e  9  faj  es),  or  phages  (faj'es)  for  short.  Bacteriophage 
means  “bacteria  eater.”  Bacteria  and  their  viruses  are 
easily  grown  in  the  laboratory.  For  this  reason  much  of  our 
information  about  viruses  has  come  from  the  study  of  bac- 
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PROTEIN 


VIRAL 

RNA 


FIGURE  1 3-2  The  tobacco  mosaic  virus  consists  of  a  coil  of  RNA 
surrounded  by  a  protein  coat  that  is  in  the  form  of  a  cylinder. 


teriophages.  More  will  be  said  of  phages  later  in  this 
chapter. 

An  interesting  development  in  virus  research  occurred 
in  1935  when  Wendell  Stanley  was  experimenting  with 
the  tobacco  mosaic  virus  that  infected  tobacco  leaves.  He 
obtained  a  spoonful  of  fine  needlelike  crystals.  These  crys¬ 
tals  could  be  treated  like  any  other  lifeless  chemical.  They 
could  be  dissolved  and  recrystallized,  put  on  a  shelf  in  a 
bottle,  and  then  redissolved.  Yet  after  all  this,  they  could 
still  produce  the  mosaic  disease  if  rubbed  onto  a  healthy 
tobacco  plant.  In  the  years  before  Stanley’s  work,  others 
had  shown  that  viruses  could  reproduce.  It  was  assumed 
that  anything  that  could  reproduce  must  be  living.  So 
Stanley’s  discovery  came  as  a  shock.  He  found  that  viruses 
can  withstand  treatment  that  no  living  organism  can.  This 
raised  many  questions  about  the  nature  of  life. 


Several  tobacco  mosaic  viruses, 
magnified  140  000  times,  can 
be  clearly  seen  in  the  photograph 
at  left. 
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The  spots  on  these  tobacco  leaves  indicate  that  the  plant  is  infected  with 
tobacco  mosaic  virus. 


After  World  War  II,  work  centered  on  the  viruses  that 
are  disease-causing,  or  pathogenic  (path  a  jen'ik).  Origi¬ 
nally  it  was  thought  that  all  viruses  must  be  pathogenic,  i 
However,  modern  methods  have  allowed  us  to  find  that 
many  viruses  do  no  apparent  harm.  Some  biologists  now 
believe  that  all  living  cells— whether  they  are  cells  of  ani¬ 
mals,  plants,  or  bacteria— are  inhabited  by  viruses. 

A  recent  development  is  the  use  of  viruses  in  genetic 
engineering.  Genetic  engineering  is  the  attempt  to  arti- 
ficially  change  the  genetic  makeup  of  an  organism.  Viruses  ' 
are  being  used  to  carry  specific  genes  from  one  organism 
to  another.  One  experiment  involves  the  gene  that  speci-  . 
fies  production  of  hemoglobin  in  the  red  blood  cells  of  the  I 
mouse.  A  virus  has  been  used  to  transfer  this  gene  onto  the  : 
chromosome  of  a  bacterium.  This  technique  holds  promise 
of  future  application  in  curing  inherited  disorders  in 
humans. 

13—3  The  structure  of  viruses  Compared  with 
living  cells,  viruses  are  rather  simple.  All  viruses  consist  of 
at  least  two  types  of  substances,  protein  and  nucleic  acid. 
Some  of  the  more  complex  viruses  may  also  contain  lipids 
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or  carbohydrates.  The  nucleic  acid  occupies  the  central,  or 
core,  region  of  a  virus.  Viruses  contain  only  one  type  of 
nucleic  acid.  Some  viruses  contain  DNA;  others  contain 
RNA;  none  contain  both.  In  contrast,  true  cells  always  con¬ 
tain  both  DNA  and  RNA. 

The  nucleic  acid  of  a  virus  is  enclosed  within  a  shell,  or 
jacket,  made  of  protein.  This  jacket  is  known  as  a  capsid 
(kap'sid).  The  nucleic  acid  and  the  capsid  together  are 
called  a  nucleocapsid  (nii  kle  9  kap'sid).  Although  all  vi¬ 
ruses  have  this  core  and  capsid  structure,  each  type  of 
virus  has  its  own  specific  features.  The  proteins  of  the  cap¬ 
sid  are  of  different  composition  in  each  virus.  The  proteins 
are  arranged  in  units  called  capsomers  (kap  so'mers). 
These  capsomers  are  stacked,  to  form  the  capsid,  as  bricks 
are  stacked  to  make  a  wall.  The  capsid  of  many  viruses 
takes  the  form  of  an  icosahedron  (I  kb  S9  he'dron).  An 
icosahedron  is  a  solid  geometric  figure  having  20  faces. 
Other  viruses,  such  as  the  tobacco  mosaic  virus,  have  their 
capsomers  stacked  in  a  helical  (hel'9  k9l)  pattern  to  form 
a  hollow  cylinder.  The  number  of  protein  capsomers  in  a 
virus  capsid  varies  from  as  few  as  12  up  to  several 
thousand. 

Some  animal  viruses  have  a  complex  structure,  with 
the  nucleocapsid  surrounded  by  a  membranelike  enve¬ 
lope  (en'vg  lop).  The  envelope  is  covered  with  many 
spikes,  which  project  outward  from  its  surface.  The  enve¬ 
lope  is  thought  to  be  derived  from  the  membranes  of  the 
host  cell  and  then  modified  by  the  virus.  The  spikes  are 
found  onlyr  on  virus  envelopes  and  not  on  the  membranes 
of  the  host  cell. 


Compare  this  photograph  of  a  bacteriophage  (magnified  400  000  times) 
with  Figure  1  3-3.  Can  you  identify  the  head  and  tail  regions? 
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FIGURE  13-3 

The  detailed  structure  of  a  typical 
bacteriophage  is  shown  above. 


SCIENCE  TERMS 

viruses 

attenuated  virus 
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13—4  The  classification  of  viruses  Many  hun¬ 
dreds  of  viruses  are  known  and  more  are  being  identified 
each  year.  Virology  (vT  rol'a  je),  the  study  of  viruses,  is  a 
young  science,  and  its  system  of  classification  continues  to 
change.  The  following  is  an  explanation  of  the  tests  that 
are  used  in  classifying  viruses. 

Nucleic  acid— Viruses  are  divided  into  two  broad  groups, 
depending  on  whether  they  contain  RNA  or  DNA. 
Nucleocapsid  structure— There  are  three  categories  of 
structure:  icosahedral,  helical,  and  complex. 

Host-type— Viruses  have  a  highly  specific  relationship  with 
their  host  and  are  sometimes  classified  by  their  host-type. 
We  speak  of  plant  viruses,  animal  viruses,  and  bacterial  vi¬ 
ruses.  The  relationship  between  viruses  and  their  host  is 
even  more  specific  than  this  indicates.  Most  viruses  will  in¬ 
fect  only  the  cells  of  a  single  species  or  a  group  of  closely 
related  species.  For  example,  tobacco  mosaic  virus  will  not 
infect  corn  or  wheat.  Many  viruses  even  require  cells  of  a 
specific  kind  of  tissue  as  their  host.  Rabies  virus  infects 
only  nervous  tissue.  Herpes  viruses,  which  cause  fever 
blisters  and  other  diseases  in  humans,  infect  only  skin  and  j 
tissues  that  line  body  cavities. 

Envelope:  Animal  viruses  are  divided  by  the  presence  or 
absence  of  an  envelope. 


The  projections  or  spikes  on  the  surface  of  this  influenza  virus  aid  the 
virus  in  attaching  to  the  membrane  of  the  host  cell  prior  to  penetration. 
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The  four  tests  are  used  in  combination  to  describe  a 
virus.  For  example,  herpes  virus  is  an  animal  virus  that 
contains  DNA  and  has  an  icosahedral  structure  and  an  en¬ 
velope.  Tobacco  mosaic  virus  is  a  plant  virus  that  contains 
RNA  and  has  a  helical  structure  but  no  envelope.  Bacterio¬ 
phage  T-2  is  a  bacterial  virus  that  contains  DNA  and  has  a 
complex  structure  but  no  envelope. 


CHECK  YOUR  FACTS 

1.  Who  gave  the  first  vaccination? 

2.  What  sort  of  device  is  needed  to  see  viruses? 

3.  Some  people  believe  that  virus  diseases  are  of  recent 
origin.  Is  this  true? 

4.  Are  viruses  made  up  of  cells  or  are  they  like  cells? 

5.  Where  in  a  virus  is  the  nucleic  acid  found? 


The  Activities  of  Viruses 

13-5  Viruses  as  parasites  We  have  seen  that  vi¬ 
ruses  always  contain  nucleic  acid  and  protein.  Why  do 
they  always  contain  these  two  substances  together?  In  liv¬ 
ing  organisms,  DNA  is  the  genetic  material.  DNA  stores  in¬ 
formation  on  how  to  make  the  proteins  that  living  cells 
need.  In  viruses,  the  nucleic  acid  in  the  core  stores  the  in¬ 
formation  needed  to  make  the  proteins  of  the  capsid. 

A  virus  can  be  compared  to  a  fancy  wooden  case  with  a 
blueprint  locked  inside.  The  capsid  is  the  case.  The  nucleic 
acid  is  the  blueprint,  with  all  the  instructions  needed  to 
make  more  wooden  cases  and  more  blueprints.  But  the 
blueprint  cannot  do  this  alone.  Raw  materials,  tools,  and 
energy  are  needed  to  make  the  copies.  Where  can  all  these 
things  be  found?  They  can  be  found  inside  a  living  cell. 
Amino  acids  and  nucleotides  are  the  raw  materials.  Ribo¬ 
somes  and  transfer  RNA  are  the  tools.  Energy  is  there  to  do 
the  work. 

Viruses  cannot  multiply  on  their  own.  They  can  multiply 
only  when  they  are  within  living  cells.  The  multiplication 
of  viruses  is  called  replication  to  distinguish  it  from  the 
reproduction  of  cells.  When  a  virus  replicates,  it  uses  the 
substances  and  the  chemical  machinery  of  the  host  cell. 
This  may  interfere  with  the  normal  activities  of  the  host. 
The  proteins  needed  by  the  host  cell  cannot  be  synthesized 
if  ribosomes  are  busy  assembling  capsid  proteins.  The  host 
is  deprived  of  the  energy  and  the  chemicals  that  are  con¬ 
sumed  during  virus  replication.  The  new  copies  of  the 
virus  may  take  up  needed  space  in  the  nucleus  or  cyto- 


FIGURE  13-4 

The  destruction  of  a  bacterial  cell 
by  a  bacteriophage  infection  is 
illustrated  in  this  figure. 
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plasm  of  the  host.  The  new  viruses  may  then  burst  out  of 
the  host  cell,  causing  its  death. 

A  virus  can  also  be  changed  by  its  host  cell.  This  is  what 
Pasteur  discovered  when  he  produced  the  attenuated 
rabies  virus.  The  virulence  (vir'ys  tans),  or  potency,  of  a 
virus  is  influenced  by  the  cells  in  which  it  replicates.  When 
rabies  virus  is  grown  in  brain  cells  of  dogs,  its  virulence 
for  humans  increases.  When  this  virus  is  grown  in  rabbit 
cells,  its  virulence  for  rabbits  increases  and  its  virulence 
for  humans  decreases.  These  changes  in  virulence  may  be 
caused  by  mutations  in  the  virus  nucleic  acid.  Such  muta¬ 
tions  may  cause  a  change  in  the  virus  structure  or  a  change 
in  host  preference. 

13—6  Bacteriophages  Bacteriophages  are  the 
source  of  much  of  our  knowledge  about  the  activities  of  vi¬ 
ruses.  Animal  and  plant  viruses  act  in  much  the  same  way 
as  phages,  but  they  are  more  difficult  to  experiment  with. 
Bacteriophage  T-2  is  often  used  in  research.  Bacterio¬ 
phages  are  grown  on  cultures  of  bacteria.  Bacteria  are  al¬ 
lowed  to  form  a  uniform  film  on  the  surface  of  agar  in  a 
petri  dish.  Sometimes,  clear  glassy  areas  develop  within 
the  layer  of  bacterial  growth.  These  clear  areas  are  called 


Several  bacteriophages  can  be 
seen  attached  to  the  surface  of 
the  much  larger  bacterial  cell.  The 
viral  nucleic  acid  will  enter  the 
bacterial  cell  through  the  tail  of 
the  virus. 
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plaques  (plaks).  A  plaque  is  an  area  in  which  a  phage  has 
destroyed  all  the  bacteria.  The  bacteria  burst  open  after 
replication  of  the  virus.  This  bursting  is  known  as  lysis 
(If sis).  A  bacteriophage  that  causes  lysis  is  a  virulent 
(vir'ya  lent)  phage. 

When  a  virulent  phage  replicates,  it  attaches  its  tail  end 
to  the  bacterium.  Molecules  on  the  virus’s  tail  form  a  close 
fit  with  substances  on  the  bacterial  surface.  This  matching 
fit  is  one  of  the  reasons  why  each  virus  infects  a  specific 
host.  After  attachment,  an  enzyme  in  the  tail  of  the  virus 
makes  a  hole  in  the  cell  wall  of  the  bacterium.  Then  the 
hollow  tail  of  the  virus  shortens.  The  nucleic  acid  is 
pushed  into  the  bacterium.  The  empty  capsid  remains  out¬ 
side.  It  is  almost  as  if  the  nucleic  acid  were  injected  into  the 
host  with  a  syringe. 

Once  the  viral  nucleic  acid  is  inside  the  bacterium,  it 
takes  control.  The  chromosome  of  the  host  cell  is  either 
destroyed  or  inactivated.  The  normal  metabolism  of  the 
bacterium  stops.  Its  biochemical  machinery  is  used  to 
synthesize  copies  of  the  viral  nucleic  acid  and  new  viral 
protein.  As  these  substances  become  available,  new  virus 
particles  are  assembled.  The  bacterium  undergoes  lysis  af¬ 
ter  a  large  number  of  viruses  have  been  formed.  The  entire 
process,  from  penetration  to  lysis,  is  called  a  lytic  (lit'ik) 
cycle.  Phages  take  from  25  to  45  min  to  complete  a  lytic 
cycle.  About  200  to  300  new  viruses  are  produced.  Each  of 
these  new  viruses  is  free  to  infect  another  bacterium  and 
start  another  lytic  cycle.  In  just  a  few  hours,  the  offspring 
of  a  single  phage  can  destroy  a  billion  bacteria!  This  hap¬ 
pens  in  concentrated  laboratory  cultures  of  bacteria.  In  na¬ 
ture,  however,  bacteria  are  spread  out  in  the  soil  or  water. 
The  phages  escaping  after  the  lysis  of  one  bacterium  may 
not  find  another  bacterium  of  the  same  type  nearby.  Phage 
infections  spread  much  more  slowly  in  nature  than  in  the 
laboratory. 

Some  bacteriophages  do  not  cause  lysis  of  their  host. 
They  are  called  temperate  (tem'per  it)  phages.  A  tem¬ 
perate  phage  injects  its  nucleic  acid  into  a  bacterium  just  as 
a  virulent  phage  does.  But  the  temperate  phage  does  not 
take  control  of  the  cell.  Instead,  the  nucleic  acid  of  the 
phage  is  attached  to  the  chromosome  of  the  bacterium. 
The  viral  nucleic  acid  acts  as  an  extra  set  of  genes  on  the 
bacterial  chromosome.  The  viral  nucleic  acid  is  called  a 
prophage  (pro Taj)  while  it  is  in  this  condition.  The  bac¬ 
terium  continues  its  normal  activities,  including  metabo¬ 
lism  and  cell  division.  Each  time  the  bacterium  divides,  the 
viral  genes  are  also  duplicated.  All  the  daughter  cells  carry 
a  prophage  on  their  chromosomes. 


BACTERIOPHAGE 
&S  VIRAL  NUCLEIC  ACID 


BACTERIAL  CHROMOSOME 


FIGURE  I  3-5 

The  nucleic  acid  of  a  temperate 
phage  becomes  attached  to  the 
bacterial  chromosome  and  is 
replicated  along  with  the  bacterial 
genes  during  cell  division.  A 
prophage  can  become  virulent 
again  at  a  later  time. 
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A  prophage  can  be  carried  through  many  generations 
without  apparent  harm  to  the  bacteria.  However,  some¬ 
times  the  prophage  becomes  separated  from  the  host 
chromosome.  When  this  happens,  the  phage  enters  a  lytic 
cycle.  It  replicates  and  its  offspring  infect  other  bacteria. 
The  cause  of  the  differences  between  virulent  and  temper¬ 
ate  phages  is  not  known.  Also  not  known  is  the  reason 
why  a  prophage  is  sometimes  activated  to  become  virulent 
again.  A  possible  explanation  is  that  some  bacteria  might 
contain  chemicals  that  prevent  a  phage  from  replicating. 
This  might  cause  the  phage  to  act  in  a  temperate  manner. 
At  some  later  time,  the  bacteria  might  lose  the  ability  to 
make  the  inhibiting  chemicals.  If  this  happens,  the  phage 
would  become  virulent  again. 

Animal  and  plant  viruses  replicate  just  as  phages  do. 
They  also  rob  their  host  cell  of  their  resources.  Animal  and 
plant  viruses  sometimes  attach  their  nucleic  acid  to  a  host 
cell  chromosome,  just  as  temperate  phages  do. 

13—7  Animal  viruses  and  cancer  There  are  dif¬ 
ferences  between  the  action  of  phages  and  the  action  of  an¬ 
imal  viruses.  Animal  viruses  cannot  inject  their  nucleic 
acid  into  cells.  After  attaching  to  a  cell  membrane,  an  ani¬ 
mal  virus  is  taken  into  the  cell  by  phagocytosis.  The  animal 
virus  is  uncoated  inside  the  host  cell.  Enzymes  of  the  host 
dissolve  the  virus’s  capsid.  Once  uncoated,  animal  viruses 
behave  almost  exactly  like  phages  except  that  they  are 
slower.  Phages  complete  their  replication  in  less  than  an 
hour.  Animal  viruses  require  six  or  more  hours  to  rep¬ 
licate.  Animal  viruses  are  also  released  more  slowly  from  ! 
their  host  cell  than  phages  are,  causing  a  more  gradual  dis¬ 
integration  and  death  of  the  cell.  Some  animal  viruses  differ 
from  phages  in  that  they  have  envelopes.  It  is  believed  that 
these  envelopes  are  taken  from  the  membranes  of  the  host. 
Animal  viruses  enter  and  leave  their  host  cell  differently  . 
than  phages  do.  However,  they  are  very  similar  in  their  ac¬ 
tivities  while  inside  the  host  cell. 

The  common  cold  is  the  result  of  viruses  replicating  in 
the  cells  that  line  the  respiratory  tract.  The  activities  of  the 
virus  kill  some  of  these  cells,  but  this  does  no  real  harm. 
Cells  that  line  the  respiratory  tract  are  always  dying  and 
being  replaced  anyway.  It  is  the  attempt  to  get  rid  of  the 
virus  that  makes  us  uncomfortable.  The  respiratory  tract 
produces  excess  mucus  to  flush  the  virus  particles  out.  The 
mucus  accumulates,  causing  congestion,  sneezing,  and 
coughing.  Meanwhile,  the  virus  infection  stops. 

More  and  more  animal  cancers  have  been  shown  to  be 
caused  by  viruses.  Viruses  that  cause  cancer  are  called  on- 


Some  viruses  have  been  shown  to  cause  cancer  in  animals.  Research 
concerning  a  link  between  viruses  and  cancer  in  humans  is  continuing. 


cogenic  (ong  ks  jen'ik)  viruses.  Three  microbiologists, 
Howard  Temin,  David  Baltimore,  and  Renato  Dulbecco, 
received  the  Nobel  Prize  in  1975  for  their  work  with  on¬ 
cogenic  viruses.  They  explained  how  these  viruses  attach 
their  nucleic  acid  to  a  host  cell  chromosome.  Oncogenic 
viruses  behave  like  temperate  phages.  After  penetrating  a 
cell,  they  cause  their  nucleic  acid  to  be  included  into  one 
of  the  chromosomes  of  the  host.  The  viral  nucleic  acid  acts 
like  an  extra  set  of  genes  in  the  animal  cell.  These  viral 
genes  cause  many  changes  in  the  host  cell.  New  kinds  of 
materials  may  be  synthesized.  The  cell  may  begin  to  divide 
more  rapidly  or  more  frequently  than  it  did  before  in¬ 
fection.  Daughter  cells  result  in  huge  numbers.  A  cancer¬ 
ous  growth  is  formed! 
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replication 

virulence 

plaques 

lysis 

virulent  phage 
lytic  cycle 
temperate  phages 
prophage 
oncogenic  viruses 
interferon 


Do  viruses  cause  cancer  in  humans?  The  likely  answer  is 
yes,  but  it  is  difficult  to  prove.  Viruses  have  been  found  re¬ 
peatedly  in  some  types  of  human  cancer  cells.  Finding  a 
virus  inside  a  cancer  cell  does  not  prove  that  the  virus 
caused  the  cancer.  Viruses  exist  in  many  cells  without  pro¬ 
ducing  any  visible  harm.  Getting  evidence  that  a  virus 
causes  cancer  in  a  laboratory  animal  is  not  difficult.  The 
surest  way  is  to  inject  the  virus  into  an  animal  and  see  if  a 
cancer  develops.  If  it  does,  then  the  virus  should  be  iso¬ 
lated  from  the  cancer  and  injected  into  a  second  animal.  If 
the  second  animal  develops  the  same  type  of  cancer,  the 
virus  must  be  the  cause.  Proof  that  viruses  cause  cancer  in 
humans  must  await  the  development  of  new  research 
methods.  It  must  also  be  understood  that  viruses  probably 
do  not  cause  any  type  of  cancer  on  their  own.  Other  fac¬ 
tors  are  generally  involved.  For  example,  certain  irritating 
chemicals  may  act  together  with  viruses  to  produce  the 
disease. 

13—8  Defense  against  viruses  Viruses  are  all 
around  us.  Their  ability  to  multiply  is  great.  Why  do  we 
not  suffer  constantly  from  virus  diseases?  There  are  two 
reasons.  The  first  is  our  system  of  immunity,  which  de¬ 
fends  us  against  all  types  of  microbes.  The  second  is  a  sub¬ 
stance  called  interferon  (in  tar  fir'on).  Interferon  is  a 
protein  that  protects  animal  cells  against  infection  by  vi¬ 
ruses.  When  an  animal  cell  is  invaded  by  a  virus,  the  cell 
produces  interferon.  The  interferon  diffuses  to  neighbor¬ 
ing  cells  and  makes  them  resistant  to  the  virus.  It  is  thought 
that  interferon  does  this  by  preventing  the  synthesis  of  vi¬ 
ral  proteins.  Interferon  does  not  affect  the  synthesis  of  nor¬ 
mal  cell  proteins.  Interferon  is  effective  in  very  small 
amounts.  A  single  molecule  can  protect  a  cell  against  in¬ 
fection.  Unfortunately  this  protection  is  temporary,  and  it 
is  not  equally  effective  against  all  viruses. 

Perhaps  the  natural  defense  by  interferon  can  be  im¬ 
proved.  Much  research  has  been  directed  toward  this  goal, 
but  several  problems  have  turned  up.  Each  species  of  ani¬ 
mal  produces  a  different  form  of  interferon.  Interferon  only 
protects  cells  of  the  species  in  which  it  is  produced.  Also, 
interferon  is  only  produced  in  small  amounts.  There  is  no 
ready  source  of  enough  interferon  to  use  it  as  an  antiviral 
drug  in  humans. 

Recently  attempts  have  been  made  to  stimulate  the  body 
to  increase  its  own  production  of  interferon.  The  search  is 
on  for  a  drug  that  can  do  this  without  side  effects.  Such  a 
drug  would  hold  promise  of  a  new  era  in  the  treatment  of 
virus  diseases. 
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CHECK  YOUR  FACTS  ~ 

1.  What  information  is  in  the  nucleic  acid  of  a  virus? 

2.  Why  can’t  viruses  multiply  on  their  own? 

3.  What  does  a  virus  take  from  its  host  when  it  replicates? 

4.  Why  can’t  the  host  cell  make  its  own  proteins  while  the 
virus  replicates? 

5.  What  is  lysis? 

6.  Does  the  capsid  of  a  phage  penetrate  the  host? 


SUMMARY 


Viruses  are  very  small  particles  of  nucleic  acid  and  protein. 
They  can  reproduce  and  pass  on  their  characteristics  to  their 
offspring.  Viruses  are  not  cellular.  They  lack  most  of  the  prop¬ 
erties  of  life. 

A  virus  must  enter  a  living  cell  in  order  to  replicate.  Each 
virus  requires  a  specific  type  of  host  cell.  Much  information 
about  the  activities  of  viruses  has  come  from  studying  bac¬ 
teriophages.  The  viral  nucleic  acid  takes  control  of  the  host 
cell’s  metabolism.  The  energy  and  the  chemicals  of  the  host 
are  used  in  building  new  viruses. 


REVIEW  QUESTIONS _ 

1.  Give  two  reasons  for  considering  viruses  with  living 
organisms. 

2.  What  are  some  differences  between  phages  and  animal 
viruses? 

3.  What  happens  to  the  host  cell  during  virus  replication? 

4.  What  difficulties  have  prevented  the  use  of  interferon  as  a 
drug? 

5.  Why  is  it  difficult  to  prove  that  viruses  are  associated  with 
cancer  in  humans? 

6.  How  do  viruses  change? 

7.  What  are  the  differences  between  virulent  phages  and 
temperate  phages? 

8.  Oncogenic  viruses  act  similarly  to  temperate  phages. 
Explain. 

9.  Are  all  viruses  pathogenic? 


ANALYSIS  AND  APPLICATION _ 

1.  Present  arguments  for  and  against  the  proposition  that 
viruses  are  living. 

2.  Viruses  lack  many  of  the  properties  of  life.  Which  of  these 
deficiencies  seems  most  important? 
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The  Monerans 

14—1  The  simplest  cells  From  viruses,  at  the 
fringes  of  life,  we  move  on  to  the  simplest  cells.  These  are 
the  bacteria  and  blue-green  algae,  which  are  the  only  or¬ 
ganisms  with  procaryotic  cells.  Because  their  cells  are  so 
different,  bacteria  and  blue-green  algae  are  classified  in  a 
kingdom  by  themselves.  This  is  the  kingdom  Monera, 
and  these  organisms  are  called  monerans.  The  monerans 
of  today’s  world  are  probably  like  the  first  cells  that  lived 
more  than  3  billion  years  ago. 

Procaryotic  cells  are  more  simply  organized  than 
eucaryotic  cells.  The  enzymes  that  do  the  work  of  a  pro¬ 
caryotic  cell  are  on  the  plasma  membrane  or  scattered  in 
the  cytoplasm.  They  are  not  enclosed  in  complex  organ¬ 
elles.  The  chromosomes  of  procaryotic  cells  are  also  in  the 
cytoplasm,  instead  of  in  the  nucleus  as  they  are  in  eu¬ 
caryotic  cells.  In  procaryotic  cells  the  chromosomes  exist 
as  simple  DNA  molecules.  The  DNA  does  not  have  a  jacket 
of  protein  as  it  does  in  eucaryotic  chromosomes. 

There  are  two  types  of  organelles  found  in  procaryotic 
cells.  These  are  the  ribosomes  and  the  flagella.  Flagella 
are  threadlike  structures  that  propel  cells  through  liquids. 
The  ribosomes  of  procaryotic  cells  are  smaller  than  those 
of  eucaryotic  cells,  and  the  flagella  have  a  simpler 
structure. 

Monerans  exist  as  single  cells  (unicellular  organ¬ 
isms)  or  as  colonies.  A  colony  (kol'o  ne)  is  a  group  of 
similar  cells  that  are  attached  to  each  other.  The  colonies  of 
moneran  cells  are  not  to  be  thought  of  as  multicellular 
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kingdom  Monera 

monerans 

flagella 

unicellular  organisms 
colony 

multicellular  organisms 
phylum  Schizomycetes 
phylum  Cyanophyta 


Blue-green  algae,  such  as  Nostoc  shown  above,  and  bacteria  are 
classified  in  kingdom  Monera  because  of  the  procaryotic  organization  of 
their  cells. 


(mul  ti  sel'yo  lor)  organisms.  The  cells  in  these  colonies 
are  each  capable  of  independent  life.  They  do  not  depend 
on  or  cooperate  with  each  other.  A  human  is  a  true  multi¬ 
cellular  organism.  A  single  human  cell  cannot  survive  on 
its  own.  It  depends  on  the  cooperation  of  other  cells  to 
supply  its  needs.  Organisms  can  be  found  in  three  levels  of 
complexity:  unicellular,  colonial,  and  multicellular. 
Monerans  exist  only  at  the  first  two  levels. 

The  kingdom  Monera  has  two  subdivisions.  The  phy¬ 
lum  Schizomycetes  (skiz'o  ml  sets),  meaning  “splitting 
fungus,”  contains  the  bacteria  and  their  relatives.  This  re¬ 
fers  to  the  simple  form  of  division  that  occurs  in  bacteria. 
The  phylum  Cyanophyta  (si's  no  fi  to),  meaning 
“blue-plants,”  includes  the  blue-green  algae. 

The  monerans  are  simple  organisms.  But  that  does  not 
mean  that  they  are  unsuccessful  or  unimportant.  There  are 
about  1  500  species  of  blue-green  algae  and  more  than 
1 5  000  species  of  bacteria  known  to  biologists  today. 


CHECK  YOUR  FACTS 

1.  What  kinds  of  organisms  are  found  in  the  kingdom 
Monera? 

2.  What  organelles  are  found  in  procaryotic  cells? 

3.  What  is  a  colony? 

4.  How  do  procaryotic  chromosomes  differ  from  eucaryotic 
chromosomes? 
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Bacteria 


14—2  The  study  of  bacteria  The  first  scientific  de¬ 
scription  of  bacteria  was  made  about  1675  by  Anton  van 
Leeuwenhoek.  Leeuwenhoek  built  his  own  microscopes  to 
look  at  many  strange  things,  such  as  saliva  and  polluted 
water.  In  all  these  things  he  found  tiny  creatures  swim¬ 
ming  about.  He  did  not  know  what  they  were,  so  he  called 
them  little  animals  because  they  could  move.  Leeuwen¬ 
hoek  made  drawings  of  what  he  saw,  and  wrote  descrip¬ 
tions  of  their  movements.  He  sent  his  descriptions  to  a 
scientific  club  in  England  where  they  were  read  in  public. 
This  was  how  bacteriology  (bak  tir  e  ol'o  je),  the  study 
of  bacteria,  got  its  start. 

Louis  Pasteur  experimented  with  bacteria  from  the 
1850s  until  his  death  in  1895.  Pasteur  started  out  as  a 
chemist  and  was  made  a  professor  at  the  University  of  Lille 
in  France.  Lille  was  an  agricultural  center,  producing  wine 
and  alcohol  by  fermenting  the  juice  of  sugar  beets.  Fer¬ 
mentation  (fer  men  ta'shsn)  is  the  conversion  of  sugar 
into  alcohol  or  other  substances.  It  is  done  by  microbes 
working  without  oxygen.  People  at  that  time  thought  that 
fermentation  was  a  natural  chemical  process.  If  they  left 
grape  juice  or  beet  juice  in  a  warm  place,  it  fermented  into 
alcohol  by  itself.  People  did  not  know  that  microbes  ac¬ 
tually  do  the  work. 

One  day  there  was  a  problem  at  one  of  the  sugar  beet 
fermentation  plants.  Some  of  the  vats  of  beet  juice  were 
turning  sour  instead  of  making  alcohol.  Professor  Pasteur 
was  called  from  the  university  to  help.  He  took  samples 
from  the  vats  that  were  making  alcohol  and  from  those  that 
were  turning  sour  back  to  his  laboratory.  He  looked  at 
both  juices  with  his  microscope.  In  the  juice  that  was  fer¬ 
menting  properly,  he  found  many  yeast  cells.  These  yeast 
cells  were  dividing.  As  their  number  increased,  so  did  the 
amount  of  alcohol  in  the  juice. 

Pasteur  found  no  yeast  in  the  sour  juice.  Instead,  he 
found  some  rod-shaped  bacteria.  These  were  multiplying 
too.  And  as  they  did,  the  sourness  of  the  juice  increased. 
Pasteur  found  that  the  bacteria  were  making  lactic  acid. 
Lactic  acid  is  the  substance  that  makes  old  milk  taste  sour. 

Pasteur  went  on  to  study  other  kinds  of  fermentations. 
He  studied  the  fermentation  of  grapes  and  other  fruits  into 
wine  and  the  souring  of  milk  and  butter.  In  each  type  of 
fermentation  he  found  a  different  microbe.  Each  microbe 
makes  a  different  product.  Some  convert  fruit  sugars  into 
alcohol,  and  others  convert  milk  sugar  to  lactic  acid. 

Pasteur  had  found  out  what  was  wrong  at  the  alcohol 
factory.  The  wrong  microbes  had  gotten  into  some  of  the 


193 


vats.  What  could  be  done  about  it?  Pasteur  discovered  that 
heating  the  juices  to  63 °C  for  30  min  would  kill  most  of 
the  microbes.  Then  rapid  cooling  would  slow  the  growth 
of  any  remaining  bacteria.  This  is  the  process  we  know  to¬ 
day  as  pasteurization  (pas  char  a  za'shan).  Pasteuriza¬ 
tion  was  used  to  stop  the  growth  of  lactic  acid  bacteria  in 
the  beet  juice.  Then  the  proper  yeast  was  added  to  ferment 
the  juice  to  alcohol.  Today  pasteurization  is  used  in  pre¬ 
paring  milk,  wine,  beer,  and  other  products. 

Pasteurization  cured  the  problems  of  the  alcohol  makers 
in  Lille.  Later  it  stopped  the  spread  of  disease  through  in¬ 
fected  milk.  But  Pasteur’s  work  with  fermentation  had 
other  important  results  too.  This  was  the  beginning  of  real 
knowledge  about  bacteria  and  other  microbes.  Different 
bacteria  grow  on  different  foods.  They  each  make  different 
products.  Bacteria  float  on  dust  particles  in  the  air.  When¬ 
ever  they  settle  in  a  moist  place,  they  start  to  grow.  From 
these  observations  Pasteur  got  the  idea  that  bacteria  might 
be  the  cause  of  human  disease. 

Pasteur  was  an  excellent  scientist,  but  he  was  also  a 
good  talker.  He  loved  to  tell  people  about  his  experiments 
and  his  ideas.  His  ideas  about  microbes  and  disease  soon 
spread  all  over  Europe.  Other  scientists  began  to  look  for 
proof  that  bacteria  could  cause  disease.  By  the  1880s, 
many  kinds  of  bacteria  were  identified.  Some  were  found 
to  cause  disease,  but  others  turned  out  to  be  harmless. 

In  1884  a  Danish  biologist  named  Hans  Gram  developed 
a  staining  method  for  identifying  bacteria  under  the  micro¬ 
scope.  The  Gram  stain  divides  bacteria  into  two  groups. 
Some  bacteria  accept  the  dye  and  are  called  gram¬ 
positive.  Other  bacteria  are  not  colored  by  the  stain. 
These  are  called  gram-negative.  The  stain  works  be¬ 
cause  the  two  kinds  of  bacteria  have  different  chemicals  in 
their  cell  walls.  A  century  later  the  Gram  stain  is  still  the 
most  widely  used  stain  for  bacteria.  It  is  usually  used  as  the 
first  step  in  identifying  unknown  bacteria. 

Many  methods  have  been  developed  for  growing  bac¬ 
teria  and  studying  them  in  the  laboratory.  A  group  of 
microbes  grown  artificially  in  the  laboratory  is  called  a 
culture  (kul'char).  Growing  cultures  of  bacteria  requires 
a  culture  medium  (pi.  media).  This  can  be  either  a  liq¬ 
uid  or  a  moist  solid  that  provides  the  bacteria  with  food. 
Beef  broth  is  a  good  liquid  culture  medium.  Most  solid  cul¬ 
ture  media  are  made  with  agar.  Agar  (a'gsr)  is  a  gelatin¬ 
like  substance  obtained  from  seaweed.  Agar  provides  a 
firm  surface  for  bacteria  to  grow  on,  but  it  is  not  a  good 
food  for  them.  Foods  must  be  added  to  the  agar.  One  of  the 
best  culture  media  is  made  by  mixing  agar  with  sheep’s 


Bacterial  colonies  can  be  seen  growing  on  the  surface  of  the  agar  in  the 
photograph  above.  A  nutrient  substance  is  added  to  agar  to  support 
growth. 

blood.  Blood  agar  will  support  the  growth  of  almost  any 
type  of  bacteria. 

Liquid  culture  media  are  kept  in  test  tubes,  but  agar 
media  are  often  put  in  petri  (pa'tre)  dishes.  A  petri  dish 
is  a  flat  glass  dish  with  a  matching  glass  cover.  Bacteria 
growing  on  the  agar  can  be  seen  without  opening  the  dish. 

14-3  The  shapes  of  bacteria  Bacteria  are  much 
larger  than  viruses.  Many  can  be  seen  with  the  high-power 
lens  of  a  light  microscope.  It  is  because  of  this  that  bacteria 
were  being  identified  over  a  century  ago.  The  shape  of 
bacteria  can  be  seen  with  a  light  microscope.  However,  an 
electron  microscope  is  needed  to  see  details  of  their  inter¬ 
nal  structure.  Although  bacteria  are  larger  than  viruses, 
they  are  much  smaller  than  plant  or  animal  cells. 

Bacteria  are  found  in  a  variety  of  forms.  Some  grow  as 
single  cells.  Others  remain  attached  after  dividing  and  form 
chains  or  clusters.  Bacteria  can  be  placed  in  three  groups 
based  on  their  shape. 

1.  Cocci  (kok'sl)  (sing,  coccus ):  These  are  sphere¬ 
shaped  cells.  Some  cocci  are  found  in  pairs,  or  diplococci. 
An  example  is  Diplococcus  pneumoniae,  the  bacterium 
that  causes  bacterial  pneumonia.  Other  cocci  form  chains 
or  threads.  These  are  the  streptococci.  One  type  of  strepto¬ 
coccus  is  the  cause  of  strep  throat.  Staphylococci  are  cocci 
that  form  grape-like  clusters  ( staphylo  is  the  Greek  word 


BACILLI 


COCCI 


SPIRILLA 


There  are  three  basic  groupings 
of  bacteria  based  on  shape. 
However,  subgroups  based  on 
chain  and  cluster  formation  are 
also  recognized. 
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for  “grape”).  Staphylococcus  aureus  normally  lives  on  hu¬ 
man  skin.  Sometimes  it  gets  into  the  skin  and  causes  ab¬ 
scesses,  or  boils. 

2.  Bacilli  (ba  sil'T)  (sing,  bacillus ):  These  are  bacteria 
shaped  like  rods,  or  cylinders.  Escherichia  coli  is  a  gram¬ 
negative  bacillus  that  lives  in  the  human  intestine.  Its  name 
is  often  shortened  and  written  E.  coli.  E.  coli  has  been  used 
in  a  great  many  experiments  in  genetics  and  biochemistry. 
We  probably  know  more  about  E.  coli  than  any  other  or¬ 
ganism  on  earth.  Streptobacilli  are  bacilli  that  grow  in 
chains.  They  look  something  like  strings  of  sausages.  Some 
of  the  lactic  acid  bacteria  first  discovered  by  Pasteur  are 
gram-positive  streptobacilli. 

3.  Spirilla  (spl  ril'a)  (sing,  spirillum)-.  These  are  cells 
that  take  the  shape  of  twisted  rods,  or  corkscrews.  Spirilla 
grow  as  single  cells,  not  as  chains  or  clusters.  Bacteria  of 
the  genus  Spirillum  are  soil  microbes.  Their  activities  im¬ 
prove  the  fertility  of  the  soil. 

While  bacteria  come  in  many  shapes  and  sizes,  they  all 
have  cellular  structures  in  common.  The  DNA  of  bacteria 
is  not  separated  from  the  cytoplasm  by  a  nuclear  mem¬ 
brane.  The  DNA  is  usually  found  in  the  central  area  of  the 
cell  and  is  called  the  nuclear  material  or  nuclear  area.  The 
cytoplasm  of  bacteria  contains  ribosomes  and  granules  of 
stored  food  materials.  The  cytoplasm  is  enclosed  in  a 
plasma  membrane.  The  inside  of  the  membrane  carries  the 
enzymes  of  respiration.  These  are  like  the  enzyme  in  the 
mitochondria  of  eucaryotic  cells. 

FIGURE  1 4-2  The  structure  of  a  typical  bacterium  is  shown  in  the 
illustration  below.  Not  all  bacteria  have  flagella  or  a  capsule. 


CAPSULE  PLASMA  MEMBRANE 


NUCLEAR  MATERIAL 


The  flagella  of  the  bacterium  Proteus  vulgaris  are  clearly  visible  in  the 
electron  micrograph  above. 


Outside  the  plasma  membrane  is  the  cell  wall.  The  cell 
wall  is  not  living.  It  is  a  cell  product  that  gives  the  bacte¬ 
rium  its  shape.  Bacteria  used  to  be  classified  as  plants  be¬ 
cause  plants  and  bacteria  both  have  cell  walls.  We  know 
today  that  bacteria  cell  walls  and  plant  cell  walls  are  made 
of  different  chemicals.  Some  bacteria  have  a  second  non¬ 
living  layer  outside  the  cell  wall.  This  is  the  jellylike  cap¬ 
sule  (kap'sal).  Although  the  capsule  is  nonliving,  it  affects 
the  properties  of  bacteria.  Diplococcus  pneumoniae  is 
highly  virulent  when  it  has  a  capsule.  If  it  is  made  to  grow 
without  a  capsule,  it  loses  its  virulence. 

Flagella  are  found  on  many  types  of  bacilli  and  spirilla. 
Only  a  few  species  of  cocci  have  flagella.  Bacteria  use  fla¬ 
gella  to  propel  themselves  through  water  or  other  liquids. 
The  flagella  start  in  the  cytoplasm  and  pass  out  through  the 
plasma  membrane,  cell  wall,  and  capsule.  Flagella  beat 
with  a  very  rapid,  whiplike  motion.  Some  flagella  move  at 
a  rate  of  over  2  000  beats  per  minute.  Bacteria  may  have 
one  flagellum  or  many.  The  flagella  may  be  in  groups  at  the 
ends  of  the  cell,  or  they  may  be  spread  all  around  the  cell. 
Bacteria  that  have  flagella  and  can  move  are  motile 
(mo'tal).  Bacteria  that  lack  flagella  are  usually  nonmotile. 
A  few  bacteria  without  flagella  can  move  with  a  side-to- 
side  motion  like  that  of  a  snake. 
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14-4  Growth  and  nutrition  The  activities  of  bac¬ 
teria  are  not  constant.  Bacteria  are  a  little  like  bears  that 
hibernate,  or  go  to  sleep,  to  escape  the  winter.  When  con¬ 
ditions  are  right,  bacteria  grow  and  reproduce  very  ac¬ 
tively.  If  conditions  become  unfavorable,  bacteria  stop 
their  activities  and  become  almost  lifeless.  Bears  sleep  dur¬ 
ing  one  season  of  the  year.  Bacteria  can  switch  back  and 
forth,  from  active  to  inactive,  as  often  as  is  needed.  But 
what  are  the  “right  conditions’’  for  bacteria? 

First,  bacteria  require  moisture.  Like  all  living  cells,  bac¬ 
teria  contain  much  water.  Dry  surroundings  cause  bacteria 
to  lose  water  and  become  inactive. 

Second,  bacteria  are  sensitive  to  temperature  changes. 
Each  species  has  a  temperature  at  which  it  grows  best.  A 
few  bacteria  can  grow  at  temperatures  near  0°C.  A  few 
have  even  been  found  in  Antarctica  where  they  grow  at 
— 7°C.  The  majority  of  bacteria  prefer  temperatures  of 
25 °C  to  40°C.  A  few  species  can  grow  at  temperatures  as 
high  as  75 °C.  Bacteria  that  cause  disease  in  humans  grow 
best  at  body  temperature  (37°C). 

Third,  most  bacteria  grow  best  in  darkness.  The  ultra¬ 
violet  rays  in  sunlight  can  cause  mutations  or  even  kill  bac¬ 
teria.  One  family  of  bacteria  is  not  harmed  by  light.  These 
are  the  phototrophic  (fo  to  traf  ik)  bacteria,  which  use 
light  energy  to  carry  on  photosynthesis,  just  as  most  green 
plants  do. 

Fourth,  a  suitable  food  source  is  necessary  for  the 
growth  of  bacteria.  As  Pasteur  discovered,  each  kind  of 
bacteria  uses  different  foods. 

Most  bacteria  cannot  carry  on  photosynthesis.  Instead 
they  use  organic  materials  that  have  been  made  by  other 
organisms.  Bacteria  that  take  food  from  living  organisms 
are  parasites.  Bacteria  that  use  dead  organic  matter  as  their 
food  are  saprophytes  (sap'ra  fits). 

Bacteria  and  animals  nourish  themselves  differently.  Ani-  1 
mals  digest  their  food  after  they  take  it  in.  Bacteria  digest 
their  food  before  they  take  it  in.  Bacteria  secrete  digestive 
enzymes  out  through  their  walls.  Food  materials  are  bro¬ 
ken  down  into  simple  form  by  these  enzymes.  The  en¬ 
zymes  also  make  the  food  molecules  water  soluble.  These 
simple,  water-soluble  nutrients  are  then  absorbed  by  the 
bacteria.  As  an  example,  imagine  some  saprophytic  bac¬ 
teria  in  a  dead  log  in  a  forest.  The  bacteria  secrete  enzymes 
that  digest  cellulose,  the  main  ingredient  in  wood.  The  cel¬ 
lulose  is  broken  down  into  glucose,  which  is  easily  ab¬ 
sorbed  by  the  bacteria.  Parasitic  bacteria  take  glucose  and 
other  nutrients  directly  from  their  living  host  without  hav¬ 
ing  to  digest  them. 


Two  groups  of  bacteria  can  make  their  own  food.  These 
include  the  phototrophic  bacteria  already  mentioned.  The 
other  group  of  bacteria  that  make  their  own  food  are  the 
chemotrophic  (ke  mo  traf'ik)  bacteria.  The  che- 
motrophic  bacteria  get  their  energy  from  the  breakdown  of 
certain  mineral  compounds.  Compounds  of  iron,  sulfur,  or 
nitrogen  are  used  by  bacteria  in  this  group. 

Thus,  the  list  of  conditions  for  bacterial  growth  includes 
moisture,  darkness,  proper  temperature,  and  a  suitable 
food  source.  But  what  about  oxygen?  Don’t  all  living 
things  require  oxygen?  Plants  and  animals  require  oxygen, 
but  a  good  many  bacteria  do  not.  Bacteria  can  be  placed  in 
groups  based  on  their  need  for  oxygen. 

1.  Obligate  aerobes  (ob'la  gat  ar'obz)  are  bacteria 
that  must  have  oxygen.  They  use  it  in  cellular  respiration, 
as  plants  and  animals  do.  The  bacteria  that  cause  tubercu¬ 
losis  and  diphtheria  are  obligate  aerobes. 

2.  Obligate  anaerobes  (an  ar'obz)  are  bacteria  that 
can  grow  only  in  the  absence  of  oxygen.  The  genus  Clos¬ 
tridium  includes  many  species  of  bacilli  that  live  in  the 
soil.  They  are  all  obligate  anaerobes.  These  normally  harm¬ 
less  bacteria  become  highly  pathogenic  if  they  get  into  hu¬ 
man  tissues  or  poorly  sterilized  canned  food.  Bacilli  of  the 
Clostridium  genus  are  responsible  for  tetanus,  gangrene, 
and  a  deadly  type  of  food  poisoning  called  botulism. 

3.  Facultative  (fak'sl  ta  tiv)  anaerobes  are  bacteria 
that  grow  with  or  without  oxygen.  The  majority  of  bac¬ 
teria  are  in  this  group.  It  includes  E.  coli  and  other 
intestinal  bacteria. 

Some  groups  of  bacteria  have  the  ability  to  use  nitrogen 
gas  (N2)  from  the  atmosphere.  They  convert  it  to  ammonia 
(NH3)  or  to  a  nitrate,  a  substance  that  contains  a  nitro¬ 
gen  atom  combined  with  three  oxygen  atoms.  This  process 
is  called  nitrogen  fixation  (nl  trs  jan  fik  sa'shan).  Nitro¬ 
gen  fixation  by  bacteria  provides  the  soil  with  nitrates  for 
plants  to  use.  The  plants  use  the  nitrates  to  make  proteins. 
Animals,  in  turn,  get  their  protein  from  plants.  In  short,  the 
whole  living  world  depends  on  nitrogen-fixing  bacteria  as 
a  source  of  usable  nitrogen. 

14-5  Reproduction  by  bacteria  Bacteria  in¬ 
crease  their  numbers  by  an  asexual  division  process  called 
binary  (bl'nsr  e)  fission.  Binary  fission  means  “split¬ 
ting  in  two,”  and  it  is  a  simpler  process  than  mitosis.  The 
DNA  in  a  bacterial  cell  makes  two  copies  of  itself.  One 
copy  is  for  each  daughter  cell,  just  as  in  mitosis.  The  other 
features  of  mitosis  are  not  seen  in  binary  fission.  There  are 
no  centrioles  or  spindle  fibers  and  no  visible  chromo- 
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The  top  two  cells  in  the 
photograph  below  are  in  the  final 
stages  of  binary  fission. 


FIGURE  14-3  Asexual  reproduction  in  bacteria  is  accomplished  by  a 
process  called  binary  fission. 


somes.  The  nuclear  area  just  seems  to  split  in  two.  The  cell 
wall  then  pinches  in  between  the  two  nuclear  areas,  and 
two  new  cells  are  formed. 

Bacteria  of  the  bacillus-type  sometimes  form  resting 
structures  called  endospores  (en'do  sporz).  The  prefix 
endo-  means  that  the  spore  forms  inside  a  bacterial  cell. 
The  nuclear  material  separates  into  two  masses,  as  it  does 
in  binary  fission.  But  instead  of  being  divided  into  two 
cells,  a  new  wall  forms  around  one  of  the  nuclear  areas. 
This  wall,  or  spore  coat,  becomes  thickened  and  is  difficult 
to  penetrate.  The  spore  coat  is  made  of  material  that  is  dif¬ 
ferent  from  that  of  the  cell  wall.  When  the  spore  is  fully 
formed,  the  bacillus  breaks  open  and  the  spore  is  set  free. 

Bacilli  form  spores  when  conditions  in  the  environment 
are  unfavorable.  The  spores  remain  inactive  as  long  as  the 
unfavorable  conditions  last.  When  a  spore  is  exposed  to 
good  growing  conditions,  its  coat  breaks  open.  A  bacillus 
then  grows  out  of  it. 


NUCLEAR  MATERIAL 


DEVELOPING 

ENDOSPORE 


FREE  ENDOSPORE 

FIGURE  14-4  Some  bacilli  form  endospores  when  environmental 
conditions  are  unfavorable.  The  spore  can  survive  until  conditions 
improve. 


Bacteria  do  not  increase  their  numbers  by  forming  en¬ 
dospores.  Each  spore  produces  only  a  single  new  cell.  The 
spores  allow  bacilli  to  survive  through  periods  of  diffi¬ 
culty.  Spores  are  extremely  resistant  to  bad  conditions. 
They  withstand  drying,  extremes  of  temperature,  and 
chemicals  that  would  kill  an  active  bacillus.  Spores  that 
had  been  trapped  within  the  ice  of  glaciers  for  thousands 
of  years  have  been  made  to  grow  in  the  laboratory.  Some 
spores  can  even  survive  an  hour  in  boiling  water.  There¬ 
fore  boiling  is  not  a  sure  way  of  killing  all  bacteria. 

It  is  the  spores  of  bacilli  that  make  it  so  difficult  to  com¬ 
pletely  sterilize  canned  food.  It  requires  steam  under  pres¬ 
sure  at  121  °C  for  at  least  15  min  to  be  sure  that  all  spores 
are  killed.  Dry  heat  at  160°C  for  2  h  is  also  enough  to  ster¬ 
ilize  things. 

Bacteria  reproduce  asexually  by  fission.  It  had  long  been 
thought  that  this  is  the  only  way  bacteria  can  reproduce. 
But  in  1946  it  was  discovered  that  a  few  bacteria  can  also 
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A  male  female 


DNA 


Two  E.  Coli  cells,  each  containing 
one  chromosome  or  DNA  molecule. 


One  copy  of  the  DNA  from 
the  male  cell  moves  through 
the  bridge  into  the  female  cell 


B  BRIDGE  D 


The  DNA  in  the  male  cell  is 
duplicated  and  a  bridge  forms 
between  the  two  bacilli. 


The  female  cell  has  two  chromosomes; 
its  own  and  the  one  from  the  male  cell. 


FIGURE  1 4-5  Sexual  reproduction  in  bacteria  involves  the  transfer  of  a 
chromosome  from  one  cell  to  another. 

reproduce  sexually.  Escherichia  coli,  the  intestinal  ba¬ 
cillus,  exists  in  two  mating  types.  These  are  sometimes 
called  male  and  female,  just  for  convenience.  Figure  14-5 
shows  how  these  cells  mate.  A  chromosome  is  passed 
through  a  bridge  from  a  male  to  a  female  cell.  The  female 
cell  ends  up  with  two  chromosomes.  Later,  when  this  cell 
undergoes  binary  fission,  its  daughter  cells  will  have  only 
one  chromosome.  But  each  may  have  some  new  com¬ 
bination  of  genetic  traits.  Genes  from  the  original  male  and 
female  cells  may  be  recombined  in  the  daughter  cells. 

How  fast  do  bacteria  multiply?  That  depends  on  the  tem¬ 
perature  and  the  type  of  bacteria.  E.  coli  can  divide  once 
every  15  to  20  min  in  a  liquid  culture  at  37°C.  Other  bac¬ 
teria  take  up  to  several  hours  between  divisions.  The  ma¬ 
jority  take  an  hour  or  less  in  good  conditions. 

If  a  single  E.  coli  cell  is  placed  in  a  broth  culture,  the 
number  of  cells  will  double  every  20  min— 1,  2,  4,  8,  16, 

.  .  .  4  096  after  4  h,  ...  2  million  after  7  h,  .  .  .  1  000  mil¬ 
lion  after  10  h.  If  this  rate  of  division  continues,  there  will 
be  more  than  a  billion  times  a  billion  cells  after  20  h.  Can 


this  really  happen?  No,  it  is  not  possible.  After  a  few  hours 
the  bacteria  start  to  crowd  each  other  in  the  culture.  They 
begin  to  run  out  of  food.  Growth  slows  down  and  then 
stops. 

VHien  bacteria  are  first  placed  in  a  fresh  tube  of  broth,  it 
takes  some  time  for  them  to  adjust  to  new  conditions. 
Growth  is  slow  at  first;  few  cells  divide.  After  adjusting, 
cells  begin  to  divide  regularly.  The  number  of  bacteria  in¬ 
creases  very  rapidly.  But  after  a  while,  competition  for 
food  and  crowding  cause  growth  to  slow  down  again. 
Some  bacteria  begin  to  die,  and  a  balance  is  reached.  The 
number  of  new  bacteria  forming  is  in  balance  with  the 
number  of  bacteria  dying.  This  balance  may  last  for  quite 
some  time.  But  the  balance  is  finally  lost.  Accumulation  of 
wastes  in  the  culture  will  cause  more  and  more  cells  to  die. 
The  number  of  bacteria  decreases  steadily  until  the  whole 
culture  dies  out.  Moving  a  few  bacteria  to  a  fresh  tube  of 
broth  will  start  the  whole  cycle  over  again. 

But  isn’t  all  this  artificial?  Do  bacteria  in  nature  grow  as 
they  do  in  test  tubes?  Many  biologists  think  that  the  growth 
pattern  in  the  test  tube  is  similar  to  growth  in  nature.  Imag¬ 
ine  a  dead  leaf  falling  into  a  puddle.  A  few  bacteria  settle 
into  the  puddle  from  the  air.  After  adjusting  to  their  new 
surroundings  the  bacteria  grow  rapidly.  They  use  the  food 
provided  by  the  dead  leaf.  Later  the  food  begins  to  run  out 
and  the  bacteria  die  off.  Maybe  some  of  the  bacteria  will 
form  spores.  The  puddle  dries  up,  and  the  spores  are 
blown  away  by  the  wind.  If  they  settle  in  a  favorable  envi¬ 
ronment,  the  process  will  start  again. 
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FIGURE  1 4-6  The  growth  curve  of  a  bacterial  population  indicates  that 
population  decline  follows  a  period  of  population  stability. 


14—6  Relatives  of  the  bacteria  There  are  two 
groups  of  microbes  that  are  closely  related  to  the  bacteria 
but  yet  a  bit  different.  Mycoplasmas  (ml  ko  plaz'moz) 
are  very  small  procaryotic  cells.  They  are  smaller  than  bac¬ 
teria.  Some  are  as  small  as  the  largest  viruses.  In  fact,  myco¬ 
plasmas  were  long  thought  to  be  viruses  because  they  are 
so  small.  However,  the  electron  microscope  has  shown 
that  the  mycoplasmas  are  true  cells.  They  are  now  classi¬ 
fied  with  the  bacteria. 

Mycoplasmas  resemble  bacteria  in  most  respects.  They 
have  a  plasma  membrane,  a  cytoplasm  with  ribosomes, 
and  a  nuclear  area,  but  they  have  no  cell  wall.  The  absence 
of  a  cell  wall  makes  them  highly  variable  in  shape.  One 
species  causes  a  pneumonialike  disease  in  humans. 

Another  group  of  bacterial  relatives  are  the  rickettsias 
(ri  ket'se  as).  They  are  named  after  Howard  Ricketts,  who 
discovered  them  in  1909.  He  showed  that  rickettsias  are 
the  cause  of  Rocky  Mountain  spotted  fever  and  epidemic 
typhus.  Rickettsias  are  between  mycoplasmas  and  bacteria 
in  size.  Except  for  their  small  size,  rickettsias  are  very 
similar  to  bacteria  in  structure.  They  are  cellular  and  they 
reproduce  by  binary  fission.  All  known  rickettsias  are  par¬ 
asitic.  Like  viruses,  they  can  only  reproduce  within  living 
cells.  Rickettsias  can  infect  the  tissues  of  many  warm¬ 
blooded  animals.  They  are  spread  from  host  to  host  by  in¬ 
sects,  such  as  lice  and  ticks. 


CHECK  YOUR  FACTS 

1.  Who  gave  the  first  scientific  description  of  bacteria? 

2.  When  did  Pasteur  start  doing  experiments  with  bacteria? 

3.  What  is  the  most  widely  used  staining  method  for 
bacteria? 

4.  What  is  used  for  making  solid  culture  media? 

5.  How  big  are  bacteria? 

6.  What  types  of  bacteria  form  endospores? 


Blue-Green  Algae 

14—7  Characteristics  of  blue-green  algae 

Blue-green  algae  are  named  for  their  pigments.  All  blue- 
green  algae  contain  chlorophyll,  which  is  green,  and  phy- 
cocyanin  (fi  ko  sl'o  nin),  which  is  blue.  Some  blue-green 
algae  also  contain  red  or  yellow  pigments  in  addition. 
These  algae  appear  in  almost  every  color  of  the  rainbow. 
The  color  of  any  given  species  depends  on  how  much  of 
each  pigment  is  present.  The  Red  Sea  got  its  name  from  a 


blue-green  alga.  This  blue-green  alga  is  red  and  it  grows  in 
huge  numbers  at  some  times  of  the  year. 

The  cells  of  blue-green  algae  are  much  like  the  cells  of 
other  monerans.  Blue-green  algae  cells  have  one  special 
feature.  These  are  the  photosynthetic  (fo  to  sin  the'tik) 
membranes  that  are  found  around  the  edges  of  the  cell. 
The  photosynthetic  membranes  arise  from  inward  foldings 
of  the  plasma  membrane.  The  enzymes  needed  for  pho¬ 
tosynthesis  are  located  on  these  membranes.  The  mem¬ 
branes  are  not  the  same  as  chloroplasts,  which  are  found 
only  in  eucaryotic  plant  cells.  In  addition  to  photosyn¬ 
thesis,  some  blue-green  algae  are  capable  of  nitrogen  fix¬ 
ation.  This  activity  makes  nitrates  available  to  other  water 
plants. 

The  cytoplasm  of  blue-green  algae  contains  ribosomes, 
starch  granules,  and  nuclear  material  in  the  central  area. 
The  starch  granules  are  food  reserves.  The  cell  walls  of 
blue-green  algae  are  chemically  similar  to  those  of  bac¬ 
teria.  They  are  not  like  the  cell  walls  of  plants.  Blue-green 
algae  reproduce  only  by  binary  fission.  Sexual  reproduc¬ 
tion  has  not  been  observed  in  any  of  these  algae. 

Some  blue-green  algae  are  unicellular,  but  most  form 
colonies.  Colonies  may  take  the  form  of  spheres,  flat 
sheets,  or  threads.  The  threadlike  colonies,  or  filaments 
(fil'o  monts),  are  the  most  common  form.  When  the  cells  in 
a  filament  divide,  they  remain  attached  to  each  other.  This 
causes  the  filament  to  grow  longer.  The  cells  in  a  filament 
secrete  a  substance  like  mucus.  This  material  forms  a 
sheath  around  the  colony. 

A  number  of  blue-green  algae  form  resistant  spores. 
These  are  not  the  same  as  endospores,  but  they  serve  the 
same  purpose.  They  form  from  whole  cells,  rather  than  in¬ 
side  of  a  cell.  These  spores  also  have  thick  walls  and  can 
survive  through  harsh  conditions.  Blue-green  algae  also 
form  heterocysts  (het'or  o  sists).  The  function  of  hetero¬ 
cysts  is  not  clear.  In  some  filaments  the  heterocysts  seem  to 
serve  as  weak  points  where  the  filament  can  break.  When  a 
filament  gets  too  long,  it  breaks  into  sections.  Each  section 
then  grows  into  a  new  filament.  Water  currents  and  the 
movement  of  fish  break  the  filaments  and  move  them 
around.  This  is  how  blue-green  algae  can  quickly  spread 
through  a  pond. 

14—8  Blue-green  algae  in  nature  Blue-green  al¬ 
gae  are  among  the  hardiest  of  living  things.  They  can  ac¬ 
tively  grow  where  bacteria  only  survive  as  spores. 
Although  blue-green  algae  are  most  common  in  ponds, 
some  species  can  be  found  almost  anywhere  there  is  mois- 


CELL  PLASMA  NUCLEAR 

WALL  MEMBRANE  MATERIAL 


FIGURE  14-7 
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photosynthesis  occurs  in 
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Anabaena  (left)  and  Spirulina  (right)  are  blue-green  algae  that  grow  as 
filaments. 


ture.  Some  species  live  in  snow;  others  live  in  hot  springs 
at  temperatures  as  high  as  80 °C.  The  beautiful,  multi¬ 
colored  growths  of  these  algae  in  the  hot  springs  of  Yel¬ 
lowstone  National  Park,  Wyoming,  attract  many  visitors. 

Blue-green  algae  also  live  in  the  sea.  Saltwater  types  also 
live  on  shoreline  rocks  where  they  are  kept  damp  by  spray 
from  the  surf.  Others  can  be  found  in  damp  soil  or  where 
rocks  are  splashed  by  waterfalls.  The  sheath  helps  to  keep 
blue-green  algae  from  drying  out  when  they  are  not  in  the 
water.  Blue-green  algae  can  sometimes  be  seen  on  the  soil 
of  flowerpots  that  are  kept  too  moist. 

Blue-green  algae  grow  best  in  warm  lakes  or  ponds  that 
have  a  lot  of  dead  organic  matter  in  them.  They  tend  to 
grow  in  water  reservoirs  in  the  summer.  The  algae  give  an 
“earthy”  taste  to  the  drinking  water.  Chlorine  is  added  to 
the  water  to  eliminate  these  algae  and  other  microbes. 

Some  types  of  pollution,  such  as  human  wastes  and  de¬ 
tergents  in  household  sewage,  cause  increased  growth  of 
algae.  The  organic  matter  in  these  wastes  serves  as  food  for 
the  algae.  The  blue-green  algae  are  the  first  to  react  to  this 
type  of  pollution.  Biologists  sometimes  measure  the  pollu¬ 
tion  in  a  lake  by  counting  the  number  of  blue-green  algae 
in  the  water.  Oscillatoria  is  one  genus  that  is  counted  for 
this  purpose.  Oscillatoria  also  has  another  interesting  fea¬ 
ture.  Its  filaments  move  from  side  to  side,  or  oscillate,  in 
the  water.  That  is  how  the  alga  got  its  name.  It  is  not 
known  what  causes  the  motion.  Blue-green  algae  do  not 
have  flagella. 

The  filaments  of  blue-green  algae  are  microscopic.  With 
favorable  growth  conditions  they  accumulate  in  large, 
floating  masses.  Heavily  polluted  lakes  or  small  ponds  with 
much  decaying  matter  are  sometimes  covered  over  by 
these  matlike  growths  of  blue-green  algae. 
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CHECK  YOUR  FACTS 

1.  What  structure  is  found  in  blue-green  algae  but  not  in 
bacteria? 

2.  What  color  are  blue-green  algae? 

3.  Do  the  cell  walls  of  blue-green  algae  most  resemble  the 
walls  of  bacteria  or  the  walls  of  plants? 

4.  What  is  the  highest  temperature  at  which  blue-green  algae 
have  been  found  living? 

5.  Where  do  blue-green  algae  live? 

6.  Are  flagella  found  in  blue-green  algae? 


SUMMARY 

Bacteria  and  blue-green  algae  are  procaryotic.  They  exist  as 
unicellular  organisms  and  as  colonies.  Bacteria  are  the  phy¬ 
lum  Schizomycetes  and  the  blue-green  algae  are  the  phylum 
Cyanophyta.  Together,  these  two  phyla  form  the  kingdom 
Monera.  Bacteria  are  larger  than  viruses.  They  can  be  seen 
with  a  light  microscope  and  can  be  grown  in  culture.  Because 
of  this,  bacteria  were  identified  and  studied  over  a  century 
ago.  Bacteria  exist  in  many  shapes  and  they  vary  a  great  deal 
in  their  metabolism. 


REVIEW  QUESTIONS 

1.  How  are  colonies  of  organisms  different  from  multi¬ 
cellular  organisms? 

2.  What  did  Louis  Pasteur  discover  about  fermentation? 

3.  What  is  fermentation? 

4.  What  are  four  different  ways  in  which  bacteria  get  their 
nourishment? 

5.  What  conditions  do  most  bacteria  require  for  growth? 

6.  What  is  the  purpose  of  endospores? 

7.  Why  were  mycoplasmas  first  thought  to  be  viruses? 

8.  How  rapidly  do  bacteria  multiply? 

9.  How  did  blue-green  algae  get  their  name? 

10.  What  group  of  monerans  consists  only  of  parasites? 


ANALYSIS  AND  APPLICATION 

1.  Is  pasteurization  the  same  thing  as  sterilization? 

2.  Why  is  nitrogen  fixation  so  important? 

3.  Why  are  mycoplasmas  and  rickettsias  included  in  the  king¬ 
dom  Monera?  Why  are  they  classified  with  the  bacteria? 

4.  What  factors  cause  growth  to  slow  down  and  stop  in  a 
bacterial  culture? 


15  The 

Protists 


Protozoa:  The  Animallike  Protists 

15—1  Introduction  The  world  around  us  is  filled 
with  one-celled  organisms.  Some  of  them  are  monerans.  A 
great  many  others  are  one-celled  members  of  the  king¬ 
dom  Protista  (pro  tis'to).  Most  members  of  this  king¬ 
dom  are  single-celled.  Some  form  colonies  or  filaments.  All 
have  eucaryotic  cells.  (Remember,  the  kingdom  Monera 
contains  organisms  that  are  unicellular  and  procaryotic .) 
The  organisms  of  the  kingdom  Protista  are  called  protists 
(pro'tists). 

The  protists  were  first  discovered  by  Leeuwenhoek  in 
1675.  Since  then  many  varieties  of  protists  have  been 
found.  No  one  knows  exactly  how  many  kinds  there  are. 
There  are  probably  more  than  60  000  different  species. 
Many  make  shells  with  beautiful  patterns  on  them.  A  few 
protists  are  parasites,  but  most  of  them  are  free-living. 
They  are  found  everywhere  there  is  water,  from  puddles  to 
oceans. 

The  smallest  protists  are  about  the  size  of  bacteria.  Oth¬ 
ers  are  much  larger.  The  largest  unicellular  protists  grow 
to  a  size  of  3  mm.  Imagine  a  single  cell  that  large!  The 
larger  protists  can  be  seen  with  the  naked  eye. 

For  years  many  protists  were  classified  as  animals.  They 
were  placed  in  a  group  called  the  phylum  Protozoa  (pro  to 
zo  o).  Then  biologists  came  to  realize  that  some  protists  are 
more  like  plants  than  animals.  These  protists  have  chloro- 
plasts  and  use  them  in  photosynthesis.  Because  of  the  com¬ 
bination  of  animal  and  plant  characteristics,  the  protists 
have  now  been  placed  in  a  kingdom  of  their  own. 
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Some  protists,  such  as  the 
amoeba,  are  more  like  animals 
than  like  plants  and  are  often 
referred  to  as  protozoans. 


There  are  seven  phyla  in  the  kingdom  Protista.  Four  of 
these  phyla  contain  organisms  that  are  more  like  animals 
than  plants.  These  are  still  referred  to  by  the  old  name, 
protozoa,  which  means  “first  animals.”  The  plantlike 
protists  in  the  other  three  phyla  are  called  protophytes. 

The  animallike  protists,  or  protozoa,  are  almost  as  hardy 
as  the  blue-green  algae.  They  live  in  salt  water,  fresh  wa¬ 
ter,  damp  soil,  and  inside  large  plants  and  animals.  A  few 
species  of  protozoa  can  live  in  both  fresh  water  and  salt 
water.  Protozoa  are  among  the  few  organisms  that  can 
grow  in  Great  Salt  Lake  in  Utah.  Some  protozoa  live  at  tem¬ 
peratures  of  60°C,  but  most  prefer  temperatures  between 
10°C  and  25 °C.  They  are  easily  killed  by  freezing. 

The  majority  of  protozoa  are  holozoic  (hoi  3  zo'ik). 
This  means  that  they  eat  solid  food  particles,  as  most  ani¬ 
mals  do.  Bacteria  are  their  favorite  food.  They  also  eat  uni¬ 
cellular  algae  and  other  microbes.  The  holozoic  types  live 
in  ponds,  lakes,  and  the  ocean.  Some  swim  near  the  sur¬ 
face,  eating  algae.  Others  crawl  around  the  bottom,  eating 
bacteria  and  bits  of  dead  organic  matter. 

Other  protozoa  are  saprozoic  (sap'r3  zo'ik).  They  ab¬ 
sorb  soluble  nutrients  through  their  cell  membranes.  The 
remaining  protozoa  are  parasites  (par's  sits).  Parasites 
live  in  or  on  the  body  of  another  organism  and  obtain 
nourishment  from  that  organism. 

All  protozoa  can  reproduce  by  fission.  Many  of  them  also 
engage  in  sexual  reproduction.  Some  forms  have  complex 
life  cycles  that  require  both  sexual  and  asexual  reproduc¬ 
tion  to  produce  a  new  generation.  It  is  the  parasitic  pro¬ 
tozoa  that  are  most  likely  to  have  these  complex  life  cycles. 

Many  protozoa  are  involved  in  symbiosis  (sim  bl 
o'sis).  Symbiosis  is  a  Greek  word  that  means  “living  to¬ 
gether.”  It  is  a  relationship  between  two  organisms  of 
different  kinds.  Both  organisms  may  benefit  from  living  to¬ 
gether.  An  example  is  the  relationship  of  certain  protozoa 
that  live  in  the  stomach  of  cows.  Cows  cannot  digest  the 
cellulose  in  the  plants  they  eat.  The  protozoa  in  a  cow’s 
stomach  help  to  complete  this  task.  In  return,  they  get  a 
warm,  moist  place  to  live  and  a  steady  supply  of  food. 

Some  protozoa  carry  small  unicellular  algae  inside  their 
cytoplasm.  This  is  another  example  of  symbiosis.  The  pro¬ 
tozoa  are  holozoic  and  the  algae  are  photosynthetic.  Both 
can  live  in  a  wide  variety  of  conditions  because  they  share 
their  food  with  each  other. 

Protozoa  survive  harsh  conditions  by  forming  cysts 
(sists).  Cysts  are  similar  to  spores  that  are  formed  by  blue- 
green  algae.  When  a  protozoan  is  going  to  form  a  cyst,  it 
first  stores  food  in  its  cytoplasm.  The  protozoan  loses  water 
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and  rounds  up  like  a  ball.  It  then  forms  a  thick,  tough  wall 
around  itself.  Protozoans  most  often  form  cysts  when  there 
is  drought  or  when  it  is  too  hot  or  too  cold. 

Protozoan  cysts  can  live  for  many  years.  They  can  be 
spread  around  by  wind  or  water  currents.  Cysts  are  carried 
from  place  to  place  on  the  feet  of  birds  and  other  animals. 
Because  they  spread  so  easily,  the  same  types  of  protozoa 
are  found  everywhere.  A  nearby  pond  might  have  the 
same  kinds  of  protozoa  as  a  pond  on  the  other  side  of  the 
world. 

15—2  Phylum  Sarcodina  The  simplest  protozoa 
are  the  genus  Amoeba.  These  formless  creatures  represent 
the  phylum  Sarcodina  (sar  ko  de'na).  They  have  often 
been  called  living  blobs  of  jelly.  Amoebas  have  no  cov¬ 
ering  outside  their  plasma  membrane.  They  are  flexible 
and  constantly  change  their  shape.  If  you  watch  a  living 
amoeba  under  a  microscope,  you  will  see  that  the  cyto¬ 
plasm  is  constantly  moving. 

The  cytoplasm  of  amoebas  and  other  protists  has  two 
parts.  The  ectoplasm  (ek'ta  plaz  am)  forms  a  thin  layer 
under  the  plasma  membrane.  It  is  like  jello  that  has  be¬ 
come  old  and  stiff.  The  endoplasm  (en'do  plaz  am)  fills 
the  interior  of  the  cell.  Endoplasm  is  like  fresh  jello  that  has 
not  set.  It  is  more  fluid  than  the  ectoplasm  and  can  move 
about  freely. 

Amoebas  move  by  forming  projections  known  as 
pseudopodia  (sii  da  po'de  a),  or  false  feet.  The  endo¬ 
plasm  streams  toward  the  .plasma  membrane.  It  causes  a 
bulge  to  move  forward.  The  bulge  grows  larger  as  more 


FIGURE  15-1 

The  cellular  structure  of  a  typical  amoeba  is  shown  in  the  illustration 
below. 
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FIGURE  15-2 

In  amoebas,  pseudopodia  are 
used  both  for  movement  and  for 
the  capturing  of  food. 


endoplasm  flows  into  it,  forming  a  pseudopodium.  Soon  a 
second  pseudopodium  will  begin  to  form  as  the  endoplasm 
from  the  first  one  flows  back  into  the  main  area  of  the  cell. 
The  new  pseudopodium  enlarges  and  draws  the  amoeba 
forward.  The  amoeba  moves  by  forming  one  pseudo¬ 
podium  after  another. 

This  pattern  of  locomotion  is  known  as  amoeboid 
(a  me'boid)  motion.  Amoebas  are  not  the  only  cells  that 
move  this  way.  The  white  blood  cells  of  animals  use  amoe¬ 
boid  motion  to  wander  through  the  body  in  search  of  in¬ 
fectious  microbes. 

Amoebas  also  use  pseudopodia  to  get  their  food.  Two 
pseudopodia  surround  a  food  particle  and  draw  it  into  the 
cytoplasm.  This  is  the  process  of  phagocytosis.  Amoebas 
eat  mostly  live  food.  Their  diet  consists  of  bacteria,  algae, 
and  even  protozoa,  which  are  smaller  than  themselves. 
During  phagocytosis,  food  particles  are  enclosed  within  a 
food  vacuole  in  the  cytoplasm.  The  lysosomes  in  the 
cytoplasm  join  with  the  food  vacuoles  and  release  enzymes 
that  digest  the  food.  The  digested  food  substances  pass 
through  the  membrane  surrounding  the  vacuole. 

Amoebas  constantly  absorb  water  from  their  surround¬ 
ings.  Water  enters  the  amoeba  by  diffusion,  and  some  is 
taken  in  along  with  food  during  phagocytosis.  The  amoeba 
must  have  some  way  of  ridding  itself  of  extra  water.  If  it 
did  not,  it  would  swell  up  and  burst.  Extra  water  is  ac¬ 
cumulated  in  a  contractile  (ksn  trak'tal)  vacuole. 
When  this  vacuole  becomes  full,  it  contracts.  The  water  is 
pushed  out  through  a  pore  in  the  plasma  membrane. 
Think  of  squeezing  water  out  of  a  rubber  bulb.  That  is 
how  the  contractile  vacuole  works. 

Amoebas  can  sense  changes  in  their  environment.  They 
detect  light  and  move  away  from  it.  They  prefer  darkness, 
as  do  the  bacteria  that  are  their  food.  Amoebas  can  sense 
the  difference  between  food  particles  and  other  solid  ob¬ 
jects.  They  move  toward  food  but  away  from  all  other 
objects.  Amoebas  can  also  sense  dryness  or  cold.  They  re¬ 
spond  to  these  conditions  by  forming  cysts. 

The  phylum  Sarcodina  includes  two  groups  of  amoeba¬ 
like  protists,  which  form  shells.  The  shells  of  these  crea¬ 
tures  are  among  the  most  beautiful  things  in  nature.  Radio- 
laria  (ra  de  6  lar'e  3)  form  shells  of  a  material  called  silica. 
Silica  is  very  much'  like  glass.  There  is  an  opening  in  the 
shell  through  which  the  radiolarian  puts  out  its  pseudo¬ 
podia. 

Another  group  with  shells  are  the  Foraminifera  (fs  ram 
3  nif'sr  3).  The  shells  of  these  organisms  are  composed  of  a 
chalky  substance  and  usually  have  many  chambers.  As  fo- 
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The  shells  of  foraminiferans  are 

raminiferans  grow  they  add  new  chambers  to  their  shells,  multi-chambered  (left).  The  shells 
Each  new  chamber  is  larger  than  the  old  ones.  There  are  of  radiolarians  are  composed  of 
openings  in  the  walls  of  the  chambers.  This  allows  the  silica,  which  is  similar  to  glass. 

cytoplasm  to  occupy  all  the  chambers. 

Radiolarians  and  foraminiferans  live  in  the  upper  layers 
of  the  ocean.  Billions  of  them  grow  and  die  each  year. 

When  they  die,  their  shells  fall  to  the  bottom  of  the  ocean. 

Sometimes  these  shells  are  preserved  in  rock  and  become 
fossils.  Fossil  foraminiferan  shells  have  been  found  in  rocks 
that  are  almost  2  thousand  million  years  old.  This  is  the 
earliest  clear  evidence  of  eucaryotic  cells  on  earth. 

15—3  Phylum  Mastigophora  Protozoa  that  move 
about  by  means  of  flagella  are  placed  in  the  phylum 
Mastigophora  (mas  to  gof'or  o).  Mastigophora  means 
“whip  bearers”  and  refers  to  the  action  of  the  flagella.  The 
organisms  in  this  group  are  called  flagellates  (flaj'o 
lats).  These  organisms  may  have  one  or  several  hundred 
flagella.  The  flagellates  are  thought  to  be  the  oldest  group 
of  protists.  Some  biologists  believe  that  ancient  flagellates 
were  the  ancestors  of  the  sponges. 

Flagellates  do  not  change  their  shape  as  amoebas  do. 

They  keep  their  shape  because  of  a  covering  layer  called 
the  pellicle  (pel's  kol).  A  pellicle  is  neither  a  cell  wall  nor 
a  shell.  It  is  formed  by  a  thickening  of  the  outer  layer  of  the 
plasma  membrane.  Pellicles  are  not  hard,  but  they  are  firm 
enough  to  help  cells  keep  their  shape. 

Only  a  few  of  the  flagellates  are  free-living.  Most  of  them 
live  within  other  organisms.  Some  are  parasites,  but  many 
have  other  relationships  with  their  host.  One  type  lives  in 
the  intestines  of  termites.  Termites  are  completely  unable 
to  digest  wood  by  themselves.  They  depend  on  the  fla- 
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Trypanosomes,  flagellated  protists,  can  be  seen  among  the  blood  cells  in 
the  photograph  above.  Sleeping  sickness  is  caused  by  these  organisms. 


Stentor,  a  ciliated  protist,  is 
trumpet-shaped.  When  feeding, 
its  narrow  end  is  attached  to  a 
plant  or  rock  in  the  water. 


gellates  to  do  the  job.  A  termite  will  die  if  it  loses  its  fla¬ 
gellates.  Maybe  someone  will  think  of  a  way  to  get  rid  of 
these  pests  by  getting  rid  of  their  flagellated  partners. 

Several  species  of  flagellates  are  parasitic  in  humans. 
Members  of  the  genus  Trypanosoma  (trip  a  na  so'ma) 
cause  African  sleeping  sickness  and  a  few  related  diseases. 
Trypanosomes  infect  the  blood,  liver,  and  brain. 

Flagellates  differ  from  other  groups  of  protists  in  that 
none  of  them  are  known  to  reproduce  sexually.  Flagellates 
only  reproduce  by  fission.  These  organisms  also  form 
cysts.  The  parasitic  types  spread  from  host  to  host  as  cysts, 
not  as  adults. 

15—4  Phylum  Ciliophora  Cilia  (sil'e  a)  are  struc¬ 
tures  like  flagella  that  are  used  for  movement.  Cilia  are 
shorter  than  flagella  and  are  found  in  large  numbers.  A  cell 
never  has  just  one  or  two  cilia.  Very  often  cilia  cover  the 
entire  surface  of  a  cell.  Protozoa  that  use  cilia  for  locomo¬ 
tion  or  to  gather  food  are  called  ciliates  (sil'e  its).  These 
protozoa  are  in  the  phylum  Ciliophora  (sil  e  af  3  ra). 
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Cilia  can  be  used  in  two  ways.  They  can  be  used  for 
swimming  by  ciliates  that  chase  after  their  food.  Cilia  can 
also  be  used  by  others  that  stay  in  one  place  and  create 
whirlpoollike  water  currents  that  bring  them  bacteria  and 
other  food  particles.  Paramecium  is  a  ciliate  that  swims  af¬ 
ter  its  food.  Vorticella  attaches  itself  to  objects  in  a  pond 
and  creates  a  whirlpool  that  brings  food  to  it. 

Ciliates  are  the  most  complex  of  the  protozoa.  They  usu¬ 
ally  have  more  than  one  nucleus,  and  they  have  many  dif¬ 
ferent  organelles.  Some  ciliates  reproduce  sexually.  Almost 
all  of  them  are  active,  free-living  organisms.  There  are  few 
parasites  in  the  group. 

Paramecium  is  the  best-known  ciliate.  It  is  shaped  like 
the  sole  of  a  shoe.  It  has  a  pellicle  to  maintain  its  shape.  On 
one  side  of  Paramecium  is  an  oral  groove.  The  forward 
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FIGURE  15-3 

The  structures  of  a  Paramecium 
are  identified  in  the  illustration  at 
left. 
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During  asexual  reproduction  in 
Paramecium,  the  micronucleus 
divides  by  mitosis  and  the 
macronucleus  divides  by  fission. 


motion  of  the  cell  and  the  cilia  in  the  oral  groove  sweep 
food  particles  into  the  mouth.  The  mouth  leads  into  a  tube 
called  the  gullet  (gul'it),  which  extends  into  the  cyto¬ 
plasm.  As  the  bottom  of  the  gullet  fills  up  with  food,  it 
pinches  off  and  forms  a  food  vacuole.  The  food  vacuole 
moves  away,  and  a  new  one  begins  to  form  at  the  bottom 
of  the  gullet. 

As  in  the  amoeba,  the  cytoplasm  of  Paramecium  is  di¬ 
vided  into  endoplasm  and  ectoplasm.  The  endoplasm 
moves  in  a  circular  pattern  around  the  cell.  The  food  vacu¬ 
oles  travel  with  it.  As  the  food  is  digested  the  vacuole 
grows  smaller.  Any  wastes  remaining  in  the  vacuole  are 
passed  out  through  an  opening  in  the  pellicle.  This  open¬ 
ing  is  called  the  anal  (a'nal)  pore. 

Like  amoebas,  Paramecium  uses  contractile  vacuoles  to 
eliminate  excess  water.  These  vacuoles  in  Paramecium 
have  the  shape  of  a  flower.  They  have  several  canals  and  a 
central  vacuole.  The  canals  bring  water  from  all  around 
the  cytoplasm  to  the  central  vacuole.  The  central  vacuole 
contracts  and  pushes  the  water  out. 

The  cilia  of  Paramecium  work  like  the  arms  of  a  swim¬ 
mer.  The  cilia  point  straight  out  as  they  beat  toward  the 
rear.  They  are  bent  as  they  are  brought  forward  to  their 
original  position  again.  The  cilia  on  Paramecium  beat  in  a 
coordinated  manner.  They  all  beat  in  the  same  direction 
when  the  Paramecium  is  swimming.  All  the  cilia  are  con¬ 
nected  to  each  other  by  fibers  in  the  ectoplasm.  It  is 
thought  that  these  fibers  bring  about  the  coordination  of 
the  cilia. 

Paramecium  can  sense  changes  in  its  environment,  just 
as  amoebas  can.  It,  too,  moves  away  from  light  and  solid 
objects  other  than  food.  But  Paramecium  can  defend  itself. 
When  disturbed,  Paramecium  can  shoot  out  many  har¬ 
poonlike  structures.  These  are  called  trichocysts  (trl'ko 
sists),  and  each  consists  of  a  thread  with  a  point,  or  barb, 
at  the  end.  The  trichocysts  are  normally  coiled  up  in  tiny 
sacs  in  the  ectoplasm.  When  a  larger  organism  approaches, 
the  sacs  open  and  the  “harpoons”  are  discharged. 

Paramecium  has  two  types  of  nuclei.  The  large  one,  or 
macronucleus  (mak  ro  nii'kle  as),  regulates  the  day-to- 
day  activities  of  the  cell.  The  small  nucleus,  or  micro¬ 
nucleus  (ml  kro  nii'kle  as),  is  active  during  reproduction. 
Both  nuclei  divide  during  cell  division.  The  macronucleus 
divides  by  fission,  and  the  micronucleus  divides  by  mitosis. 
Despite  this  difference,  each  daughter  cell  always  receives 
one  macronucleus  and  one  micronucleus. 

The  sexual  reproduction  process  of  Paramecium  "is 
known  as  conjugation  (kon  ja  ga'shan).  This  process 
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seems  to  be  necessary  to  maintain  the  health  of  the  organ¬ 
ism.  Paramecia  can  be  prevented  from  mating  and  allowed 
to  reproduce  only  by  fission.  If  this  is  done,  they  begin  to 
grow  unhealthy  and  die  after  about  350  divisions.  The  ex¬ 
change  of  genetic  material  that  occurs  during  conjugation 
seems  to  give  the  paramecia  new  life. 

Conjugation  occurs  in  the  following  manner  (refer  to 
Figure  15-4): 

1.  Two  paramecia  join  together  along  their  oral  groove. 

2.  The  micronuclei  divide  twice,  so  that  each  cell  has  four 
micronuclei. 

3.  Three  of  the  micronuclei  in  each  cell  disintegrate,  leav¬ 
ing  only  one. 

4.  The  remaining  micronucleus  divides  again,  forming  a 
“male”  and  a  “female”  micronucleus. 

5.  The  “male”  micronucleus  in  each  cell  crosses  over  to 
the  opposite  cell.  This  is  the  most  important  step.  It  repre¬ 
sents  the  exchange  of  hereditary  material  between  the  two 
cells. 

6.  The  “male”  and  the  “female”  micronuclei  in  each  cell 
fuse  and  become  one. 

7.  The  two  cells  separate.  The  fused  nucleus  in  each  cell 
undergoes  three  divisions  to  form  eight  micronuclei. 

8.  Four  of  the  eight  micronuclei  in  each  cell  grow  into 
macronuclei;  three  others  disintegrate  and  one  micro¬ 
nucleus  remains. 

9.  Each  cell  divides  twice,  forming  four  daughter  cells,  or 
eight  daughter  cells  from  the  pair.  Each  of  the  daughter 
cells  gets  one  of  the  macronuclei.  The  micro  nucleus  in 
each  cell  divides  so  that  each  daughter  cell  gets  one  of 
these.  Eight  new  paramecia  have  been  formed.  Each  is  a 
blending  of  the  traits  of  the  two  parent  cells. 

15—5  Phylum  Sporozoa  The  fourth  phylum  of 
protozoa  is  made  up  of  parasites.  This  is  the  phylum 
Sporozoa  (spor  9  zo'a),  whose  members  can  infect  every 
major  group  of  animals.  Some  even  infect  other  parasites. 
Many  of  the  sporozoa  require  two  hosts  to  complete  their 
life  cycle.  They  reproduce  sexually  in  one  host  and  asex- 
ually  in  the  other.  The  sporozoa  differ  from  the  other  pro¬ 
tozoa  in  that  they  have  no  structures  for  locomotion.  The 
mature  forms  have  neither  cilia  nor  flagella  nor  pseudo¬ 
podia.  A  few  types  may  briefly  have  flagella  while  they  are 
maturing. 


FIGURE  I  5-4  Sexual  reproduction  in  Paramecium,  known  as 
conjugation,  is  illustrated  at  right. 
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Although  the  sporozoa  have  complex  life  cycles,  their 
structure  is  rather  simple.  They  have  fewer  organelles  or 
specialized  structures  than  do  the  other  protozoa.  The  spo¬ 
rozoa  get  their  name  from  the  fact  that  they  all  form  spores. 

Sporozoa  are  the  cause  of  malaria  and  other  diseases  in 
humans.  Malaria  is  probably  the  most  widespread  disease 
in  the  world.  It  affects  millions  of  people  in  the  tropical 
and  subtropical  regions  of  the  world.  Plasmodium  (plaz 
mb'de  am)  is  the  genus  of  the  sporozoan  that  causes  this 
disease.  Like  many  other  sporozoa,  Plasmodium  requires 
two  hosts  to  complete  its  life  cycle.  In  this  case  the  two 
hosts  are  humans  and  mosquitoes.  Plasmodium  repro¬ 
duces  sexually  in  the  mosquito  and  asexually  in  humans. 


FIGURE  15-5 

The  life  cycle  of  the  sporozoan 
that  causes  malaria,  Plasmodium 
is  illustrated  in  this  figure 
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When  an  infected  mosquito  bites  a  human,  the  parasite 
is  injected  into  the  human’s  bloodstream.  Plasmodium 
makes  its  way  to  the  person’s  liver  and  begins  to  multiply. 
Spores  are  formed  in  the  liver  and  enter  the  bloodstream 
again.  Each  spore  enters  a  red  blood  cell  and  multiplies 
again.  So  many  new  spores  are  formed  that  the  red  blood 
cell  bursts  open.  These  spores  each  find  yet  another  red 
blood  cell  and  start  the  process  all  over  again. 

In  some  infections  this  cycle  takes  48  h.  Every  48  h  the 
growth  of  spores  causes  red  blood  cells  to  burst.  The  re¬ 
lease  of  spores  and  poisons  from  the  red  blood  cells  causes 
violent  chills  and  high  fever.  The  reappearance  of  these 
symptoms  every  2  d  is  a  sure  sign  of  malaria. 

When  a  mosquito  bites  an  infected  person,  it  sucks  up 
spores  along  with  the  blood.  The  parasite  grows  in  the 
mosquito’s  stomach  and  reproduces  sexually.  The  off¬ 
spring  work  their  way  to  glands  in  the  mosquito’s  mouth. 
The  next  time  this  mosquito  bites  a  human,  the  parasites 
will  be  injected.  The  cycle  of  infection  begins  again. 


CHECK  YOUR  FACTS 

1.  What  kind  of  organisms  are  found  in  the  kingdom  Protista? 

2.  What  are  the  two  major  groups  of  protists? 

3.  What  structures  do  amoebas  use  for  locomotion  and  to 
capture  food? 

4.  Name  two  groups  of  protozoa  that  are  related  to  the 
amoebas. 

5.  Where  are  most  flagellates  found? 

6.  Which  phylum  of  protozoa  is  thought  to  be  the  oldest? 


The  Plantlike  Protists 

IS -6  Phylum  Chry sophy ta  The  plantlike  protists 
are  found  in  waters  throughout  the  world.  A  number  of 
species  live  in  ponds,  rivers,  and  lakes,  but  most  live  in  the 
oceans.  These  organisms  are  always  found  near  the  surface 
of  the  water  where  they  can  capture  the  sunlight.  They 
form  an  extremely  important  part  of  the  plankton 
(plangk'tan).  The  term  plankton  includes  all  the  tiny 
organisms  that  float  near  the  surface  of  the  water.  The 
plantlike  protists  in  the  plankton  perform  most  of  the  pho¬ 
tosynthesis  that  occurs  in  the  world.  If  this  surprises  you, 
remember  that  three  fourths  of  the  earth’s  surface  is  cov¬ 
ered  by  water. 

Phylum  Chry  sophy  ta  (krl  sof' 9d  a),  which  includes 
the  golden  algae  and  the  diatoms  (dTs  toms),  is  the  larg- 
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FIGURE  15-6 

When  a  diatom  undergoes 
asexual  reproduction,  each 
daughter  cell  receives  half  of  the 
silica  cell  wall  and  makes  the 
other  half. 


est  group  of  plantlike  protists.  A  mixture  of  yellow  and 
brown  pigments,  along  with  chlorophyll,  gives  these  or¬ 
ganisms  their  golden-brown  color.  The  diatoms  differ  from 
the  other  golden  algae  by  making  beautiful,  glassy  cell 
walls  of  silica.  There  are  about  10  000  species  of  diatoms 
and  they  are  an  important  source  of  food  for  the  animal  life 
of  the  sea. 

The  cell  walls  of  diatoms  have  fascinating  patterns  of 
spots  and  grooves  on  them.  Each  species  of  diatoms  makes 
a  wall  with  a  different  pattern.  These  walls  are  made  of  two 
overlapping  halves.  When  a  diatom  divides,  each  daughter 
cell  gets  one  half  of  the  wall.  Each  daughter  cell  then 
makes  a  new  half-wall  to  match  the  old  one.  Despite  hav¬ 
ing  to  duplicate  their  beautiful  walls,  diatoms  reproduce 
quite  rapidly.  They  are  among  the  most  numerous  organ¬ 
isms  on  earth.  Only  the  bacteria  occur  in  larger  numbers. 

Because  the  cell  walls  of  diatoms  are  made  of  silica,  they 
do  not  decay  when  the  diatoms  die.  These  glassy  walls  fall 
to  the  bottom  of  the  ocean  year  after  year.  In  some  places 
they  form  deposits  that  may  be  over  a  hundred  metres 
thick.  These  deposits  are  known  as  diatomaceous  (dl  a 
t9  ma'shas)  earth.  Diatomaceous  earth  is  used  for  polish¬ 
ing  and  is  sometimes  included  in  toothpaste.  Layers  of  dia¬ 
tomaceous  earth  are  sometimes  raised  above  sea  level  by 
movements  within  the  earth. 


The  cell  walls  of  diatoms  show  a 
variety  of  shapes  and  patterns. 
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A  very  large  deposit  of  diatomaceous  earth  is  found  in 
Lompoc,  California.  It  is  about  350  m  thick  and  covers  an 
area  of  30  km2.  Each  cubic  centimetre  of  this  material  con¬ 
tains  the  remains  of  6  million  diatoms.  Just  think  of  the  as¬ 
tronomical  number  of  diatoms  that  must  have  grown  and 
died  to  make  this  deposit! 

15—7  Phylum  Pyrrophyta  Since  ancient  times, 
sailors  have  been  mystified  by  seeing  the  ocean’s  waters 
glow  at  night.  We  know  today  that  a  group  of  protists  is  re¬ 
sponsible  for  this.  The  ability  of  a  living  organism  to  pro¬ 
duce  light  is  described  as  bioluminescence  (bl  6  lit  ma 
nes'sns).  The  light  is  produced  by  dinoflagellates 
(din  a  flaj'a  lats),  a  strange  group  of  unicellular  algae. 
These  organisms  are  classed  in  the  phylum  Pyr¬ 
rophyta  (pi'ro  fi  ta).  They  contain  chlorophyll  and  use  it 
in  photosynthesis.  They  also  contain  other  pigments,  and 
many  of  them  appear  in  reddish  colors.  Almost  all  dinofla¬ 
gellates  live  in  salt  water. 

Dinoflagellates  have  two  flagella,  which  lie  in  grooves  on 
the  cell  wall.  One  of  the  flagella  circles  about  the  middle  of 
the  organism,  while  the  other  trails  out  behind.  The  trail¬ 
ing  flagellum  propels  the  organism,  while  the  circular  one 
seems  to  be  used  for  steering. 

The  cell  wall  of  dinoflagellates  is  made  of  cellulose,  like 
that  of  true  plants.  Sometimes  the  wall  is  smooth  and  in 
one  piece.  In  other  dinoflagellates  the  cell  wall  is  made  of 
many  separate  pieces  that  are  cemented  together.  This  type 
of  wall  looks  like  armor  plating. 

At  certain  times  dinoflagellates  suddenly  start  to  repro¬ 
duce  in  tremendous  numbers.  This  gives  rise  to  the  condi¬ 
tion  known  as  red  tide.  Biologists  are  not  sure  why  this 
happens,  but  it  happens  every  year  somewhere  along  the 
Atlantic  or  Pacific  coast.  The  dinoflagellates  can  reach  con¬ 
centrations  of  60  000 /mL  of  water.  The  reddish  color  of 
the  organisms  gives  the  name  to  the  tide. 

Some  dinoflagellates  release  poisons  into  the  water.  The 
large  number  of  these  organisms  present  during  a  red  tide 
produces  enough  poison  to  kill  many  fish.  Mussels  and 
clams  can  accumulate  the  poison  without  being  killed.  But 
people  who  eat  contaminated  shellfish  during  a  red  tide 
can  become  quite  ill.  A  red  tide  on  the  coast  of  New 
England  in  the  summer  of  1972  caused  many  people  to  be 
hospitalized. 

15—8  Phylum  Euglenophyta  Is  it  a  plant  or  is  it 
an  animal?  Better  not  to  ask.  Euglena  is  so  unique  that  it 
and  its  close  relatives  are  given  a  phylum  of  their  own. 
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FIGURE  15-7 

In  dinoflagellates,  the  trailing 
flagellum  is  used  for  locomotion 
and  the  circular  flagellum  is  used 
for  steering. 
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FIGURE  15-8 

The  structure  of  Euglena,  a  protist 
that  can  perform  photosynthesis 
but  also  ingests  food,  is  shown  in 
this  diagram. 


This  is  the  phylum  Euglenophyta  (yii  gle'no  IT  ta).  Eu¬ 
glena  is  a  unicellular  organism  that  blends  the  traits  of 
both  animals  and  plants.  It  has  chloroplasts  and  nourishes 
itself,  at  least  partly,  by  photosynthesis.  But  it  also  takes  in 
solid  food  particles  at  times.  Euglena  is  treated  here  as  a 
plantlike  protist  because  it  is  a  protist  with  chloroplasts. 

Euglena  and  its  relatives  live  in  ponds  and  damp  soil. 
Like  the  protozoa,  it  forms  a  cyst  when  conditions  are  un¬ 
favorable.  It  has  a  pellicle  instead  of  a  cell  wall  to  keep  its 
shape.  It  stores  food  in  the  form  of  starch  granules,  the  way 
many  plants  do.  Euglena  has  a  contractile  vacuole  very 
much  like  that  of  protozoa.  It  also  has  a  gullet,  but  it  is  not 
clear  whether  the  gullet  is  used  to  take  in  food  particles. 
The  contractile  vacuole  empties  out  through  the  gullet. 

A  flagellum  projects  from  the  front  end  of  Euglena  and 
curls  back  alongside  the  cell.  Euglena  moves  by  rotating 
the  flagellum  around  its  body.  This  action  is  somewhat  like 
the  spinning  blade  of  a  helicopter.  The  action  of  the  flag¬ 
ellum  pulls  the  cell  forward  rather  than  pushes  it.  Euglena 
has  a  pigment  spot,  or  eye  spot,  which  can  detect  light. 
Using  its  flagellum  and  its  eye  spot,  Euglena  moves  about 
seeking  bright  areas  in  its  environment. 

When  Euglena  is  in  bright  light  it  probably  makes  most 
of  its  food  by  photosynthesis.  In  darkness  it  nourishes  itself 
largely  by  absorbing  dissolved  organic  matter  from  the  wa¬ 
ter.  It  is  sometimes  seen  to  absorb  solid  food  particles  in 
the  area  around  the  gullet.  When  kept  in  complete  dark¬ 
ness  in  the  laboratory,  some  Euglena  dissolve  their  chloro¬ 
plasts.  Thereafter  they  live  like  protozoans,  whether  it  is 
light  or  dark. 
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CHECK  YOUR  FACTS 

1.  Which  organisms  perform  most  of  the  photosynthesis  that 
occurs  on  earth? 

2.  Which  organisms  make  cell  walls  of  silica? 

3.  What  group  of  plantlike  protists  make  the  ocean  glow  at 
night? 

4.  On  which  end  of  Euglena  is  the  flagellum  found? 

SUMMARY 

The  kingdom  Protista  contains  a  wide  variety  of  unicellular 
and  colonial  organisms.  They  are  all  eucaryotic.  Protists  are 
found  as  animallike  forms  called  protozoa  and  as  plantlike 
forms  called  protophytes.  Protozoa  have  several  ways  of  mov¬ 
ing  about.  Amoebas,  which  are  members  of  the  phylum  Sar- 
codina,  move  by  means  of  pseudopodia.  Members  of  the 
phylum  Mastigophora  use  flagella  for  locomotion.  The  phy¬ 
lum  Ciliophora  contains  the  most  complex  protozoans.  They 
use  their  cilia  for  locomotion.  The  phylum  Sporozoa  contains 
many  parasitic  protists  that  have  no  means  of  movement  in 
their  adult  forms. 

REVIEW  QUESTIONS 

1.  What  types  of  foods  do  protozoans  eat? 

2.  Explain  how  a  contractile  vacuole  works. 

3.  Two  phyla  of  protozoa  contain  many  parasites.  Which  two 
are  they?  Two  phyla  of  protozoa  are  mostly  free-living. 
Which  two  are  they? 

4.  Give  two  examples  of  symbiosis  between  protozoa  and 
higher  animals. 

5.  Why  are  red  tides  dangerous? 

6.  How  are  the  flagella  of  dinoflagellates  arranged  and  how 
are  they  used? 

7.  What  is  amoeboid  motion? 

8.  How  are  pseudopodia  formed? 

9.  What  is  the  difference  between  monerans  and  protists? 

ANALYSIS  AND  APPLICATION 

1.  The  ciliates  are  the  most  complex  protozoa  and  are  almost 
all  free-living.  The  sporozoa  are  all  parasites  and  they  have 
the  simplest  structure  of  all  protozoa.  Is  this  a  coincidence 
or  is  there  a  relationship  between  simple  structure  and 
parasitic  life  style? 

2.  Why  is  the  conjugation  of  Paramecium  considered  to  be 
sexual  reproduction? 
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The  Higher  Algae 

16—1  The  brown  algae  The  term  algae  is  a  general 
name  for  many  varieties  of  photosynthetic  organisms  that 
live  in  water.  We  have  already  discussed  the  blue-green  al¬ 
gae  and  the  golden  algae.  The  blue-green  algae  are  pro¬ 
caryotic.  The  golden  algae  and  others  are  protists.  There 
are  three  additional  groups  of  algae  that  are  classified  as 
true  plants.  They  are  included  in  the  kingdom  Plantae 
and  are  called  the  higher  algae. 

The  higher  algae  are  included  in  the  plant  kingdom  be¬ 
cause  most  of  them  are  multicellular.  There  is  some  spe¬ 
cialization  of  cells  in  these  algae.  For  example,  some  cells 
form  air  bladders  to  help  the  algae  float.  Other  cells  form 
supporting  structures  in  algae  that  attach  to  the  ocean  bot¬ 
tom.  Some  cells  specialize  in  photosynthesis.  In  many  of 
the  higher  algae,  only  certain  cells  can  participate  in  sexual 
reproduction.  These  differences  between  cells  in  higher  al¬ 
gae  represent  a  division  of  labor.  It  is  this  division  of  labor 
that  makes  the  difference  between  a  colony  and  a  multi¬ 
cellular  organism. 

Although  the  higher  algae  are  thought  of  as  plants,  they 
are  different  from  the  land  plants  that  we  see  around  us. 
They  are  much  simpler  and  do  not  have  roots,  stems,  or 
leaves.  A  plant  body  without  roots,  stems,  or  leaves  is 
called  a  thallus  (thaltas).  Plants  that  grow  in  the  form  of 
a  thallus  are  known  as  thallophytes  (thalta  fitz). 

Thallophytes  also  differ  from  land  plants  in  that  they 
have  no  vascular  tissue.  Vascular  (vas'kyo  tar)  tissue  is 
a  system  of  tubes  found  in  land  plants.  It  is  used  for  con- 


ducting  materials  from  place  to  place  like  a  plumbing  sys¬ 
tem.  Because  thallophytes  have  no  vascular  tissue,  they  are 
never  more  than  a  few  cells  thick.  Some  grow  to  lengths  as 
great  as  60  m,  but  even  these  are  very  slender.  They  de¬ 
pend  on  diffusion  to  get  materials  from  place  to  place.  If 
the  bodies  of  thallophytes  were  very  thick,  the  cells  in  the 
center  would  be  unable  to  get  nutrients  from  the  sur¬ 
rounding  water. 

In  the  plant  kingdom  the  word  division  is  used  in  place 
of  phylum.  There  are  three  divisions  of  algae  included  in 
the  plant  kingdom.  They  are  named  for  their  colors,  but 
they  also  differ  in  many  other  characteristics: 

Division  Phaeophyta  (fi  of  o  to)— the  brown  algae 
Division  Rhodophyta  (ro  do'fo  to)— the  red  algae 
Division  Chlorophyta  (klo  ro'fo  to)— the  green  algae 
Like  plants,  the  red  and  the  brown  algae  contain 
chlorophylls.  The  green  algae  also  contain  other  pigments. 

The  brown  algae  are  almost  entirely  a  saltwater  group. 
They  are  most  likely  to  be  found  in  rocky  coastal  areas  of 
the  cooler  oceans.  Brown  algae  reach  their  greatest  size  on 
the  coast  of  the  Pacific  Northwest.  Some  species  of  brown 
algae  prefer  to  grow  near  the  water’s  edge  where  they  are 
exposed  to  air  at  low  tide.  Others  are  found  in  deeper  wa¬ 
ter,  growing  at  depths  of  up  to  30  m.  They  attach  them¬ 
selves  to  rocks  to  keep  from  being  thrown  about  by  wave 
action.  These  algae  range  from  brown  to  olive  green  in 
color.  The  brown  pigment,  fucoxanthin  (fyii  kb  zan' 
then),  mixes  with  chlorophyll  to  produce  the  various  col¬ 
ors  found  in  these  algae. 

Fucus  grows  at  the  water’s  edge.  This  alga  is  known  as 
rockweed  and  is  about  0.5  m  in  length.  It  anchors  itself  to 
rocks  by  means  of  a  holdfast.  This  is  the  enlarged  lower 
end  of  the  thallus.  The  holdfast  may  have  projections  that 
look  like  spreading  roots.  They  are  not  really  roots,  but 
they  make  a  gluelike  substance  that  holds  tight  to  the 
rocks.  The  stipe,  which  resembles  a  stem,  grows  upward 
from  the  holdfast. 

The  stipe  supports  several  flat  blades.  The  cells  of  the 
blades  carry  on  photosynthesis.  Air  bladders  within  the 
blades  keep  the  plant  upright  in  the  water.  This  allows 
Fucus  to  catch  as  much  light  as  possible.  Without  the  blad¬ 
ders  the  blades  would  fall  on  each  other.  They  would  not 
get  as  much  light. 

At  the  upper  ends  of  the  blades  are  structures  called  re¬ 
ceptacles  (ri  sep'to  kels).  These  are  the  reproductive  or¬ 
gans  of  Fucus.  Within  the  receptacles,  eggs  and  sperm  are 
produced  and  released  into  the  water.  The  sperm  have  two 
flagella  and  swim  through  the  water  until  they  find  an  egg. 


FIGURE  16-1 

Fucus,  illustrated  above,  is  a  complex  alga  that  resembles  a  higher  plant. 
However,  it  has  no  vascular  tissue. 


After  an  egg  is  fertilized  by  a  sperm,  it  settles  to  the  bottom. 
The  growth  of  a  new  thallus  begins. 

The  family  of  brown  algae  known  as  kelps  are  the  largest 
and  most  advanced  of  all  algae.  Kelps  grow  in  water  from  3 
to  30  m  deep.  Laminaria  is  a  common  kelp  of  both  the  At¬ 
lantic  and  Pacific  coasts.  Its  blades  can  grow  as  long  as  5  m. 
It  grows  so  densely  in  some  areas  that  it  looks  like  an  un¬ 
derwater  forest.  Two  related  kelps,  Nereocystis  and  Macro- 
cystis,  are  found  on  the  Pacific  coast.  Macrocystis  is  called 
the  giant  kelp  because  it  sometimes  grows  to  60  m  in 
length.  These  two  algae  are  a  rich  source  of  food  for  the 
animal  life  of  the  North  Pacific  Ocean. 

Nereocystis  resembles  Fucus.  It  consists  of  a  holdfast,  a 
long  stipe,  a  single  large  air  bladder,  and  many  blades.  In¬ 
ternally  Nereocystis  is  quite  different  from  Fucus.  A  cross 
section  of  the  stipe  shows  that  it  is  made  of  several  types  of 
cells.  On  the  outer  edge  are  small,  closely  packed  cells  that 
form  an  epidermis  (ep  3  der'mis),  or  skin.  Under  these 
are  larger  cells  whose  main  function  is  photosynthesis.  In 
the  center  of  the  stipe  there  are  columns  of  thick-walled 
cells.  These  function  as  a  primitive  vascular  tissue.  The 
kelps  are  the  only  algae  to  have  this  type  of  tissue.  Perhaps 
this  is  what  enables  them  to  grow  so  large.  This  tissue  is 
much  simpler  than  the  vascular  tissue  of  land  plants.  It 
brings  the  products  of  photosynthesis  from  the  blades  to 
the  holdfast.  The  holdfast  may  not  get  enough  light  to 
make  its  own  food. 
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Although  the  majority  of  brown  algae  are  coastal 
dwellers,  one  group  prefers  the  open  sea.  The  members  of 
the  genus  Sargassum  take  their  name  from  the  Sargasso 
Sea.  This  is  a  vast  area  of  water  in  the  mid-Atlantic 
bounded  by  Bermuda,  the  Bahamas,  and  the  Azores.  Sar¬ 
gassum  grows  very  thickly  in  these  waters.  It  forms  large 
floating  masses  that  may  be  hundreds  of  metres  across. 

The  brown  algae,  especially  the  kelps,  are  commercially 
valuable.  They  concentrate  iron,  iodine,  and  other  miner¬ 
als  from  the  sea  water.  For  this  reason,  brown  algae  are 
sometimes  used  as  fertilizer  and  as  cattle  feed.  In  Japan 
they  are  harvested  for  human  consumption. 

Brown  algae  make  cell  walls  of  cellulose  and  a  second 
substance  called  algin.  This  is  a  gummy  material  that  helps 
to  hold  the  cells  of  the  algae  together.  It  also  serves  to  at¬ 
tach  the  holdfast  to  the  rocks.  Algin  holds  water  and  may 
protect  brown  algae  from  drying  when  they  are  exposed  to 
air  at  low  tide. 

In  California,  kelps  are  harvested  commercially  for  their 
algin  content.  This  product  has  many  uses  in  the  food  and 
cosmetics  industries.  Algin  is  widely  used  in  the  manufac- 


FIGURE  16-2 

Examples  of  brown  algae  known 
as  kelps:  A.  Macrocystis,  the 
giant  kelp;  B.  Laminaria;  C. 
Nereocystis. 
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ture  of  ice  cream.  It  prevents  the  formation  of  ice  crystals 
and  gives  ice  cream  a  smooth,  creamy  texture.  It  is  also 
used  to  improve  the  texture  of  toothpastes  and  cosmetics. 

16—2  The  red  algae  Like  the  brown  algae,  the  red 
algae  are  found  almost  entirely  in  salt  water.  But  the  red  al¬ 
gae  prefer  warmer  and  deeper  waters.  A  few  species  grow 
in  the  North  Atlantic,  but  many  more  grow  in  tropical  wa¬ 
ters.  Red  algae  have  been  found  growing  as  deep  as  170  m 
in  clear  water.  This  is  about  as  deep  as  any  plant  can  grow 
in  the  ocean.  Below  this  level  there  is  not  enough  light  for 
photosynthesis. 

The  red  algae  get  their  color  from  the  pigment  phy- 
coery thrin  (ft  ko  9  rith'rin).  This  pigment  is  very  effec¬ 
tive  in  absorbing  blue  light  and  is  an  advantage  to  plants 
that  live  in  deep  water.  The  light  that  penetrates  deep  into 
the  ocean  is  mostly  blue.  The  phycoerythrin  of  red  algae 
can  absorb  this  light.  The  energy  from  the  absorbed  light  is 
passed  to  chlorophyll  and  is  used  in  photosynthesis. 
Chlorophyll  by  itself  does  not  absorb  blue  light  very  well. 
The  partnership  between  phycoerythrin  and  chlorophyll 
makes  photosynthesis  possible  in  deep  water. 

One  of  the  few  red  algae  found  along  the  Atlantic  sea- 
coast  is  Chondrus  crispus,  or  Irish  moss.  It  grows  on  rocks 


Red  algae  called  coralline  algae  deposit  limestone  in  their  walls.  They 
often  grow  associated  with  coral  animals. 
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FIGURE  16-3 

Although  many  green  algae  are 
unicellular  or  colonial,  many  have 
complex,  multicellular  plant 
bodies. 


and  is  shaped  like  a  ragged  lettuce  leaf.  Chondrus  can  be 
found  growing  at  many  levels.  In  sunny,  shallow,  tidal 
pools  it  may  take  on  a  bright  green  color.  In  fairly  deep  wa¬ 
ter  it  is  a  rusty  brown.  At  greater  depths,  it  becomes  bright 
red.  The  increased  amount  of  red  pigment  is  necessary  for 
photosynthesis  in  deep  water.  This  relationship  between 
color  and  depth  is  a  line  example  of  how  algae  adapt  them¬ 
selves  to  their  surroundings. 

Irish  moss  and  other  similar  red  algae  are  used  as  food  in 
many  parts  of  the  world.  In  Japan  they  are  even  cultivated 
on  underwater  bamboo  racks  in  shallow  bays.  Two  gela¬ 
tinlike  substances  are  extracted  from  red  algae.  One  sub¬ 
stance  is  carrageenin,  derived  from  Irish  moss;  it  is  used  as 
a  thickener  in  puddings,  salad  dressings,  and  other  foods. 
The  second  is  agar,  which  is  extracted  from  a  red  alga 
found  in  the  Indian  Ocean.  Agar  is  the  base  for  many  cul¬ 
ture  media  that  are  used  for  growing  bacteria  and  molds  in 
the  laboratory. 

Some  tropical  species  of  red  algae  deposit  calcium  car¬ 
bonate  (limestone)  in  their  walls.  These  are  called  coral¬ 
line  (kor'a  lin)  algae  because  they  often  grow  together 
with  coral  animals.  These  two  types  of  organisms  both 
contribute  to  the  formation  of  coral  reefs.  Because  the 
walls  of  coralline  algae  are  of  limestone,  they  are  readily 
preserved.  Fossils  of  coralline  red  algae  have  been  found  in 
rocks  that  are  500  million  years  old. 

16—3  The  green  algae  The  largest  of  the  three  divi¬ 
sions  of  the  higher  algae  are  the  green  algae.  There  are 
freshwater  and  saltwater  forms.  The  green  algae  include 
unicellular  flagellated  forms,  colonies,  and  filaments.  Also 
included  are  more  complex  types  with  a  holdfast-and- 
blade  construction  like  the  brown  and  the  red  algae.  Why 
are  such  different  forms  placed  in  the  same  division?  Why 
aren’t  the  unicellular  green  algae  placed  with  the  protists? 

The  answers  to  these  questions  lie  in  the  chemistry  of 
the  green  algae.  The  chloroplasts  of  plants  contain  several 
different  ty  pes  of  chlorophylls.  All  the  forms  of  green  algae 
contain  exactly  the  same  chlorophylls  as  land  plants.  Other 
algae  have  different  chlorophylls.  The  cell  walls  of  green 
algae  and  of  land  plants  contain  the  same  mixture  of  chem¬ 
icals.  Land  plants  and  green  algae  make  the  same  types  of 
starch  as  a  means  of  food  storage.  The  various  types  of 
green  algae  are  closely  related  to  each  other.  They,  in  turn, 
are  more  closely  related  to  land  plants  than  are  the  other 
groups  of  algae. 

The  green  algae  are  represented  at  the  unicellular  level 
by  Chlamydomonas.  This  organism  resembles  Euglena.  It 
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has  flagella,  contractile  vacuoles,  an  eyespot,  and  a  chloro- 
plast.  But  it  does  not  have  a  gullet.  It  depends  on  photosyn¬ 
thesis  for  its  food.  Chlamydomonas  also  has  a  cell  wall, 
which  Euglena  does  not  have. 

Chlorella  is  another  unicellular  green  alga.  This  has 
spherical  cells  of  very  simple  structure.  A  large  chloroplast 
and  a  nucleus  are  the  only  obvious  features.  It  is  very  easy 
to  grow  in  the  laboratory  and  has  been  the  subject  of  much 
research.  Much  of  what  we  know  about  the  details  of  pho¬ 
tosynthesis  has  been  learned  from  Chlorella  and  the 
knowledge  is  applicable  to  higher  plants. 

FIGURE  1 6-4  The  sexual  reproductive  cycle  of  Spirogyra,  a  green  alga, 
is  illustrated  below. 
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Chlamydomonas:  Parts  of 
Chlamydomonas  as 
distinguishable  under  the  light 
microscope. 


Many  of  the  green  algae  of  fresh  water  grow  as  colonial 
filaments.  In  these  hair-like  strands  many  identical  cells  are 
joined  end-to-end.  The  filaments  of  Spirogyra  can  be  found 
trailing  from  the  rocks  in  a  pond  or  stream.  The  cells  in 
each  strand  are  elongated  and  show  little  or  no  difference 
among  each  other.  They  are  vegetative  cells,  involved  in 
photosynthesis  rather  than  reproduction.  Typical  of  each 
cell  is  a  spiral-shaped  chloroplast  band  on  which  the  name 
Spirogyra  is  based. 

During  the  growing  season,  Spirogyra  reproduces  asex- 
ually.  The  method  is  called  fragmentation.  At  certain 
places  that  are  probably  predetermined,  the  filaments 
break  into  several  pieces,  each  developing  into  a  new 
strand  as  new  cells  form  by  fission.  As  the  growing  condi¬ 
tions  become  less  favourable  near  the  end  of  the  annual 
growing  season,  a  form  of  sexual  reproduction,  called 
conjugation,  takes  place.  At  this  time  it  becomes  ob¬ 
vious  that  the  single  filaments  that  looked  so  much  alike 
are  in  fact  haploid  female  and  male  organisms.  Two  algal 
filaments  become  aligned  and  held  in  place  by  mucus.  A 
male  cell  grows  a  projection.  As  this  projection  touches  a 
female  cell,  a  similar  projection  grows  from  it.  When  both 
projections  touch,  the  separating  cell  walls  dissolve  and  a 
conjugation  tube  is  formed.  The  male  cell  contracts  and 
slowly  moves  through  the  conjugation  tube  towards  the  fe¬ 
male  cell.  This  cell  contracts,  allowing  the  male  to  fuse 
with  it,  thus  forming  a  diploid  zygote.  This  is  the  only  dip¬ 
loid  cell  in  the  life-cycle  of  Spirogyra.  The  zygote  develops 
into  a  thick-walled  zygospore  which  overwinters  in  a 
dormant  state.  In  spring,  meiosis  takes  place.  Four  nuclei 
are  formed,  of  which  only  one  survives.  The  resulting  hap¬ 
loid  spore  germinates  into  a  new  filament  and  the  cycle  is 
repeated. 


CHECK  YOUR  FACTS 

1.  Why  are  the  higher  algae  called  thallophytes? 

2.  What  type  of  algae  contribute  to  the  formation  of  coral 
reefs? 

3.  Which  group  of  algae  most  resembles  the  land  plants? 

4.  In  what  shapes  do  green  algae  occur? 

5.  Are  the  vegetative  cells  of  Spirogyra  haploid  or  diploid? 
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The  Fungi 

16—4  Classification  of  fungi  The  term  fungus 
(pi  .fungi)  includes  a  broad  variety  of  organisms.  They  are 
known  by  names  such  as  yeasts,  molds,  mildews,  rusts, 
mushrooms,  and  toadstools.  You  may  already  know  that  a 
yeast  is  quite  different  from  a  mushroom.  This  gives  you  an 
idea  of  how  much  variety  there  is  among  fungi.  There  are 
over  60  000  species  of  these  organisms.  They  form  a  vital 
part  of  life  on  earth. 

The  classification  of  fungi  has  long  been  a  problem  in  bi¬ 
ology.  The  fungi  have  been  classified  as  thallophyte  plants. 
These  organisms  bear  a  surface  resemblance  to  some  of  the 
algae.  Fungi  do  not  move  about  and  many  of  them  grow  in 
the  form  of  filaments.  Some  of  the  reproductive  habits  of 
fungi  also  resemble  those  of  algae.  One  group  of  fungi  pro¬ 
duce  spores  in  a  sporangium,  or  spore  case. 


Bracket  fungi  grow  on  both  living  and  dead  tree  trunks  and  obtain 
nourishment  from  the  tissues  of  the  tree. 
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There  are  many  reasons  for  believing  that  fungi  are  not 
closely  related  to  plants.  All  fungi  are  heterotrophic.  They 
contain  no  chloroplasts  or  chlorophyll.  The  cell  walls  of 
fungi  are  different  from  those  of  plants.  The  cell  walls  of 
fungi  contain  chitin  (kl'tin).  This  is  the  material  found  in 
the  shells  of  lobsters,  crabs,  and  other  animals.  Chitin  is 
not  found  in  plants.  Because  of  these  differences  many  bi¬ 
ologists  consider  the  fungi  to  be  a  kingdom  separate  from 
the  plants. 

Fungi  nourish  themselves  by  absorbing  organic  matter 
that  has  been  made  by  other  organisms.  Fungi  are  either 
saprophytes  or  parasites.  The  saprophytic  fungi  secrete  en¬ 
zymes  into  their  surroundings  to  digest  organic  matter  into 
simple  molecules.  The  fungus  then  absorbs  this  digested 
food  by  diffusion.  Parasitic  fungi  usually  absorb  nutrients 
directly  from  their  host  without  the  need  to  secrete  en¬ 
zymes.  In  either  case,  fungi  always  nourish  themselves  by 
absorption.  They  do  not  take  in  solid  food  particles  like 
other  heterotrophs.  Heterotrophs  (he'ter  a  trofs)  are 
organisms  that  depend  on  other  living  things  for  food  in¬ 
stead  of  making  their  own. 

Fungi  play  an  important  role  in  nature.  Along  with  bac¬ 
teria  they  bring  about  the  decay  of  dead  organisms.  They 
return  minerals  and  other  nutrients  to  the  soil.  These  nutri¬ 
ents  are  then  available  to  be  used  again  by  plants.  Without 
the  activities  of  fungi  the  plants  would  soon  remove  all  the 
nutrients  from  the  soil.  A  few  of  the  fungi  cause  diseases  in 
animals  and  some  cause  diseases  in  plants.  But  the  majority 
of  fungi  are  saprophytes  that  live  in  the  soil  and  water, 
serving  a  useful  purpose. 

The  fungi  are  placed  in  the  division  Eumycophyta 
(yii  ml  ko  fi'ta).  There  are  four  classes  of  fungi  in  this  di¬ 
vision.  The  four  classes  differ  in  their  pattern  of 
reproduction. 

1.  Phycomycetes  (fi  ko  ml  sits')  are  fungi  that  resemble 
filamentous  algae  in  their  growth  and  reproduction. 

2.  Ascomycetes  (as  ka  ml  sits')  are  fungi  that  produce 
spores  in  groups  of  four  or  eight.  The  spores  form  within  a 
sac  called  an  ascus. 

3.  Basidiomycetes  (ba  sid  e  6  ml  sits')  are  fungi  that 
produce  spores  in  groups  of  four.  These  are  carried  on  the 
outside  of  a  structure  called  a  basidium  (ba  sid'e  am). 

4.  Fungi  Imperfecti  (im  par  fik'te)  are  fungi  that  are 
not  known  to  reproduce  sexually.  This  is  an  artificial 
grouping  of  fungi  that  do  not  fit  into  one  of  the  other  three 
classes. 

All  four  of  these  classes  of  fungi  have  features  in  com¬ 
mon.  They  grow  as  branching  filaments  called  hyphae 


(hl'fe).  In  some  fungi  these  hyphae  are  made  of  individual 
cells  that  are  attached  end-to-end.  In  other  fungi  the 
hyphae  are  continuous  tubes  of  cytoplasm  with  many  nu¬ 
clei.  There  is  a  wall  on  the  outside  of  the  tube.  There  are 
no  cross  walls  to  separate  the  nuclei  from  each  other.  The 
mass  of  hyphae  that  forms  the  body  of  a  fungus  is  called  a 
mycelium  (ml  sel'le  am).  Sometimes  a  mycelium  consists 
of  hyphae  in  a  loose  network.  Such  a  fungus  looks  like  a 
puff  of  cotton.  In  other  fungi  the  mycelium  is  made  of 
hyphae  that  are  close  together.  A  mushroom  is  an  example 
of  this  type  of  mycelium  in  which  the  hyphae  grow  closely 
together  forming  a  compact  body. 

Fungi  do  not  need  light.  They  generally  grow  where  it  is 
dark  and  damp.  They  grow  most  rapidly  where  it  is  warm, 
but  they  can  also  grow  at  near  freezing  temperatures. 
Molds  sometimes  appear  on  food  that  has  been  kept  too 
long  in  the  refrigerator.  Fungi  require  oxygen.  Only  a  few 
can  grow  in  anaerobic  conditions.  Even  these  grow  better 
when  oxygen  is  available. 

16—5  Phy  corny  cetes  Before  the  use  of  preservatives, 
any  bread  kept  for  more  than  a  few  days  was  sure  to  de¬ 
velop  mold.  The  common  bread  mold,  Rhizopus  stolon- 
ifer,  is  a  good  example  of  a  phycomycete  fungus.  As  the 
hyphae  of  Rhizopus  (rl'za  p^s)  spread  over  a  piece  of 
bread  they  develop  rootlike  extensions.  These  are  called 
rhizoids  (rl'zoids)  and  they  grow  down  into  the  bread. 
After  a  few  days  the  hyphae  start  to  form  vertical  branches, 
which  stand  up  from  the  surface.  These  are  the  spo- 
rangiophores  (spa  ran'je  a  forz). 

At  the  top  of  each  sporangiophore,  a  round  mass  takes 
shape.  This  is  a  sporangium,  or  spore  case.  Inside  the 
sporangium,  thousands  of  tiny  spores  are  formed.  When 
the  sporangium  ripens,  it  bursts  open  and  the  spores  are 
released.  Each  spore  will  grow  into  new  hyphae  if  it  lands 
in  a  suitable  place. 

Rhizopus  reproduces  sexually  by  conjugation.  Con¬ 
jugation  occurs  when  two  hyphae  of  different  mating  types 
are  growing  on  the  same  piece  of  food.  The  hyphae  of  the 
two  mating  types  form  side  branches  that  begin  to  ap¬ 
proach  each  other.  The  nuclei  in  the  hyphae  are  haploid. 
One  nucleus  moves  into  the  tip  of  each  branch,  and  a  wall 
forms  around  it.  This  structure  at  the  tip  of  each  side 
branch  is  a  gamete.  When  the  two  gametes  contact  each 
other,  the  wall  between  them  dissolves.  The  nuclei  of  the 
two  gametes  join  and  form  a  zygote. 

The  zygote  builds  a  very  thick  wall  around  itself  and  be¬ 
comes  a  zygospore  (zTga  spor).  This  may  rest  for  several 
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FIGURE  16-5  Sexual  reproduction  in  Rhizopus,  the  common  bread 
mold,  is  illustrated  above. 


months.  When  it  starts  to  grow,  meiosis  takes  place.  The 
nuclei  are  haploid  again.  New  hyphae  begin  to  grow  from 
the  zygospore. 

Other  phycomycetes,  besides  Rhizopus,  grow  and  re¬ 
produce  in  much  the  same  manner.  They  grow  on  dead  or¬ 
ganic  matter  and  in  living  plant  tissues.  Phycomycetes  that 
are  commonly  known  as  blights  and  mildews  cause  a  num¬ 
ber  of  diseases  in  crop  plants.  Water  molds  cause  the  decay 
of  dead  plants  and  animals  in  lakes. 

16—6  Ascomycetes  Yeasts  differ  from  other  fungi  in 
being  unicellular.  They  do  not  form  hyphae,  but  they  do 
produce  spore  sacs  in  the  same  way  that  other  ascomycete 
fungi  do.  Yeasts  reproduce  asexually  by  budding.  In  this 
process  a  mature  yeast  cell  forms  a  small  projection,  or 
bud.  The  nucleus  divides  and  one  of  the  daughter  nuclei 
moves  into  the  bud.  The  bud  then  grows  to  full  size.  The 
new  yeast  cell  may  remain  attached  to  the  old  one  for  a 
while.  It  will  soon  start  to  form  its  own  bud  to  produce  yet 
another  new  cell. 
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Yeasts  also  reproduce  sexually  and  form  spores.  Two 
yeast  cells  unite  and  form  a  diploid  nucleus.  This  under¬ 
goes  meiosis  to  form  four  daughter  nuclei.  Each  of  these 
nuclei  builds  a  thick  wall  around  itself  and  becomes  a 
spore.  The  cytoplasm  of  the  original  cell  disappears.  Its  cell 
wall  becomes  a  sac  that  contains  the  four  spores.  This  sac 
is  called  an  ascus.  When  the  spores  are  ready,  the  ascus 
breaks,  releasing  them  into  the  environment.  Each  spore 
grows  into  one  new  yeast  cell  if  it  lands  in  a  warm,  moist 
place. 

Yeasts  of  the  genus  Saccharomyces  (sak  a  ra  ml'sez)  are 
familiar  to  us  as  the  yeasts  used  in  baking  and  brewing. 
These  yeasts  are  among  the  few  fungi  that  can  get  along 
without  oxygen.  They  ferment  sugar  to  produce  alcohol 
under  anaerobic  conditions.  A  few  species  of  yeasts  cause 
skin  infections  in  humans. 

Ascomycetes  other  than  yeasts  grow  as  hyphae,  but  they 
all  produce  spores  in  an  ascus.  The  ascus  is  produced  at 
the  ends  of  some  of  the  hyphae.  Four  or  eight  spores  form 
within  each  ascus.  Some  ascomycetes  also  produce  spores 
in  another  way.  Penicillium  (pen  a  sil'e  am)  and  Asper¬ 
gillus  (as  par  jil'as)  produce  spores  in  chains  called 
conidia  (ka  nid'e  a). 

Penicillium  and  Aspergillus  are  very  common  molds. 
There  are  many  species  in  each  genus  and  they  are  found 
everywhere.  Many  of  these  molds  are  green  or  blue-green 
in  color.  These  are  the  green  molds  often  seen  on  spoiled 
fruit.  Penicillium  molds  are  used  in  production  of  cheese 
and  in  making  antibiotics.  Other  ascomycetes  of  this  family 
are  known  as  powdery  mildews.  These  cause  infections  in 
plants,  usually  in  the  leaves. 


FIGURE  16-6 

Asexual  reproduction  in  yeasts  (left)  is  called  budding.  Sexual 
reproduction  involves  the  union  of  two  yeast  cells  followed  by  meiosis. 
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16—7  Basidiomycetes  When  you  see  a  mushroom 
growing  in  the  soil,  you  are  only  seeing  part  of  a  fungus. 
The  umbrella-shaped  mushroom  is  the  reproductive  part 
of  the  organism.  It  depends  on  a  network  of  hyphae  that 
spread  through  the  soil  in  all  directions.  These  under¬ 
ground  hyphae  gather  food  to  support  the  aboveground 
mushroom.  The  underground  hyphae  obtain  nourishment 
from  decaying  organic  matter  in  the  soil.  The  aboveground 
part  of  a  mushroom  is  not  really  solid.  It  is  made  of  many 
hyphae  packed  close  together.  These  hyphae  are  contin¬ 
uations  of  the  ones  that  grow  underground. 

On  the  underside  of  a  mushroom  cap  are  many  vertical 
partitions  called  gills  (gils).  The  hyphae  that  form  the 
gills  end  in  enlargements  called  basidia.  The  basidia  are  the 
spore-forming  structures  in  a  mushroom.  Each  basidium 
usually  forms  four  spores  on  its  outer  surface.  These 
spores  are  carried  away  in  the  air  to  start  the  growth  of 
new  hyphae  in  another  area. 

Not  all  basidiomycetes  look  like  mushrooms.  These 
fungi  occur  in  all  shapes  and  sizes,  but  they  all  produce 
spores  on  basidia.  Bracket  fungi  grow  on  both  living  and 
dead  tree  trunks.  They  look  like  small,  rounded  shelves  on 
the  sides  of  the  tree.  Other  basidiomycetes  form  crusty 
growths  on  the  surface  of  plant  leaves.  These  are  called 
rusts  and  are  the  cause  of  serious  disease  in  many  varieties 
of  plants.  One  family  of  these  rusts  attacks  wheat,  oats,  bar-  < 
ley,  and  other  grains.  These  fungi  cause  many  millions  of 
dollars  worth  of  crop  damage  each  year. 
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FIGURE  16-7 
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In  mushrooms,  spores  are  formed  in  basidia  found  on  the  underside  of 
the  cap.  The  spores  are  dispersed  by  the  wind. 


GILLS  LINED  WITH  BASIDIA  FORMATION  OF  SPORES 


Sporangia,  sometimes  called  fruiting  bodies,  can  be  seen  at  the  tops  of 
the  stalks  in  this  photograph  of  a  slime  mold. 


16—8  Amoeba  or  fungus?  It  looks  like  a  layer  of 
slime  on  the  floor  of  a  damp  forest.  But  it  moves.  It  creeps 
slowly  along,  flowing  over  dead  leaves  and  twigs,  eating 
bacteria  as  it  goes.  What  is  it?  It  is  a  slime  mold.  This 
strange  creature  spends  most  of  its  life  creeping  along  like 
a  giant  amoeba.  But  when  it  reproduces,  it  behaves  like  a 
fungus. 

Slime  molds  exist  in  two  varieties.  One  type,  called 
acellular  (a  sel'ya  tar)  slime  molds,  contain  many  nu¬ 
clei  in  a  large  amoeboid  mass.  There  are  no  membranes 
separating  the  nuclei  from  one  another.  The  other  variety 
is  the  cellular  slime  molds.  The  body  of  this  type  is 
made  up  of  many  individual  cells.  Neither  type  of  slime 
mold  makes  cell  walls.  These  two  kinds  of  organisms  form 
the  division  Myxomycophyta  (mik  so  ml  ko'fo  ts). 

Acellular  slime  molds  are  easily  seen  with  the  naked  eye. 
They  can  cover  areas  of  20  to  30  cm2  or  more.  They  have 
an  irregular  shape  that  constantly  changes.  One  edge  of  the 
slime  mold  is  usually  thicker  than  the  rest.  This  is  the  for¬ 
ward  edge  where  pseudopodia  are  formed  to  pull  the  slime 
mold  along.  Many  twisting,  branching  strands  of  cyto¬ 
plasm  trail  behind  the  leading  edge.  The  cytoplasm  in 
these  strands  streams  forward  to  keep  up  with  the  rest  of 
the  slime  mold. 
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SCIENCE  TERMS 

fungus 

chitin 

heterotrophs 
division  Eumycophyta 
class  Phyomycetes 
class  Ascomycetes 
ascus 

class  Basidiomycetes 
basidium 

class  Fungi  Imperfecti 

hyphae 

mycelium 

rhizoids 

sporangiophores 

zygospore 

budding 

conidia 

gills 

slime  mold 

acellular  slime  molds 

cellular  slime  molds 

division  Myxomycophyta 

myxamoebas 

lichens 

crustose  lichens 
foliose  lichens 
fruticose  lichens 
mycorrhiza 


FIGURE  16-8 

In  a  lichen  the  cells  of  the  algae 
are  interspersed  among  the 
hyphae  of  the  fungus. 
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Acellular  slime  molds  move  along  the  forest  floor,  taking 
in  bacteria  and  other  small  particles  by  phagocytosis. 
When  the  forest  gets  too  dry,  a  slime  mold  will  stop  mov¬ 
ing  and  will  round  up  into  a  single  mass.  Stalks  begin  to 
grow  upward  from  the  surface  of  the  slime  mold.  Spo¬ 
rangia  form  at  the  tops  of  these  stalks.  When  the  sporangia 
ripen,  spores  are  released  to  be  carried  away  on  the  wind. 
Spores  that  land  in  moist  places  release  cells  that  have  fla¬ 
gella.  These  cells  act  as  gametes.  When  two  gametes  join,  a 
new  slime  mold  begins  to  grow. 

The  cellular  slime  molds  behave  quite  differently.  They 
spend  most  of  their  life  cycle  as  single  cells  called  myx¬ 
amoebas  (mik'sa  me  bas).  When  the  surroundings  be¬ 
come  too  dry,  hundreds  of  thousands  of  these 
myxamoebas  start  swarming  together.  They  unite  to  form  a 
slime  mold,  which  is  about  1  mm  in  diameter.  This  soon 
changes  to  an  almost  wormlike  shape  and  starts  to  move. 
After  moving  around  for  a  while,  the  slime  mold  settles 
down  in  one  place.  A  stalk  grows  upward  and  forms  a 
sporangium.  When  the  spores  leave  the  sporangium,  each 
releases  a  new  myxamoeba.  Myxamoebas  can  live  indefi¬ 
nitely  as  single  cells  as  long  as  good  conditions  continue. 

16—9  Fungi  and  symbiosis  Many  fungi  are  in¬ 
volved  in  symbiosis  with  other  organisms.  Lichens 
(ll'ksns)  are  the  best-known  example  of  this  type  of  rela¬ 
tionship.  A  lichen  is  a  partnership  between  an  alga  and  a 
fungus.  On  the  surface  a  lichen  looks  like  a  single  plant. 
When  viewed  in  cross  section  under  a  microscope,  its  true 
nature  is  revealed.  The  outer  edges  are  made  of  the  tightly 
woven  hyphae  of  the  fungus.  In  the  center  of  the  lichen  the 
hyphae  make  a  loose,  airy  network.  Algal  cells  are  usually 
found  nested  on  one  side  of  this  network.  This  is  the  side 
where  there  is  more  light. 

The  fungus  of  a  lichen  is  usually  one  of  the  ascomycetes. 
The  algae  are  either  of  the  green  or  blue-green  varieties.  , 
There  are  hundreds  of  types  of  lichens.  Each  is  a  different 
pairing  of  alga  and  fungus.  Lichens  grow  in  three  general 
shapes.  The  most  common  are  the  crustose  (krus'tos) 
lichens.  These  form  flat,  crusty-looking  growths  on  rocks 
or  hard-packed  soil.  Foliose  (fo'le  os)  lichens  have  the 
appearance  of  curly  leaves.  They  are  often  found  growing 
on  the  bark  of  trees  in  damp  forests. 

Fruticose  (fru'  ta  kos)  lichens  have  a  branching 
structure.  They  look  like  little  bushes,  10  to  20  cm  tall. 
Cladonia,  a  lichen  of  this  type,  covers  vast  areas  of  the  Arc¬ 
tic  region.  Its  common  name  is  “reindeer  moss,”  al- 


A  fruticose  lichen  has  the  appearance  of  a  small  bush.  Some  varieties  of 
fruticose  lichens  are  important  as  food  for  animals. 


though  it  is  not  a  moss  at  all.  But  it  is  an  important  food  for 
caribou  as  well  as  for  moose  and  other  animals  of  the 
North. 

Lichens  grow  in  harsh  environments  where  neither  al¬ 
gae  nor  fungi  could  survive  alone.  Imagine  a  plant  growing 
on  bare  rock  in  a  sunny,  dry  location.  Only  lichens  can  do 
that.  The  network  of  hyphae  in  a  lichen  tends  to  trap  and 
hold  water.  This  makes  a  moist  environment  for  the  alga 
inside.  The  fungus  secretes  acids  that  slowly  dissolve  the 
rock.  This  provides  minerals,  which  are  needed  by  the 
alga.  The  alga,  in  turn,  provides  food  for  the  fungus 
through  its  photosynthesis. 

Lichens  play  an  important  part  in  nature.  They  gradually 
change  the  rocks  they  grow  on  into  soil.  Acids  from  the  li¬ 
chen  cause  the  rock  to  crumble.  Organic  matter  from  the 
lichen  and  dust  blown  in  by  the  wind  mix  with  the  crum- 


FOLIOSE 


FIGURE  16-9 

The  three  forms  of  lichens  are 
illustrated  in  this  figure. 
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bled  rock  to  form  soil.  This  is  a  slow  process,  taking  many 
years.  But  lichens  live  long,  too.  It  is  believed  that  some 
slow-growing  lichens  can  live  for  hundreds  of  years. 

Fungi  participate  in  another  type  of  symbiosis  with  the 
roots  of  trees  and  other  woody  plants.  This  type  of  associ¬ 
ation  is  called  a  mycorrhiza  (ml  ka  rl'za).  This  word  lit¬ 
erally  means  “fungus  root.”  Some  mycorrhizae  form  layers 
that  coat  the  outside  of  plant  roots.  In  other  cases  the 
hyphae  of  the  fungus  grow  in  between  the  cells  of  the  root. 
Sometimes  the  hyphae  even  grow  into  the  root  cells. 

The  partnership  in  a  mycorrhiza  is  much  like  that  in  a  li¬ 
chen.  The  fungus  digests  organic  matter  in  the  soil.  It  also 
produces  acids  that  dissolve  minerals  in  the  soil.  The  min¬ 
erals  and  other  nutrients  obtained  by  the  fungus  are  made 
available  to  the  plant  root.  The  plant  provides  the  fungus 
with  the  products  of  photosynthesis. 

Mycorrhizae  are  necessary  to  many  common  trees.  Pine 
trees  forced  to  grow  without  mycorrhizae  grow  slowly  and 
poorly.  If  the  roots  are  then  allowed  to  develop  mycor¬ 
rhizae,  normal  healthy  growth  will  resume.  Orchids  also 
depend  on  mycorrhizae.  No  orchid  has  ever  been  found 
growing  without  them. 


FIGURE  16-10  Both  Penicillium  and  Aspergillus  are  ascomycetic  molds 
that  produce  spores  in  conidia. 
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CHECK  YOUR  FACTS  _ 

1.  What  are  the  three  general  types  of  lichens? 

2.  Which  type  of  slime  mold  spends  most  of  its  life  as  single 
amoeboid  cells? 

3.  To  what  class  of  fungi  do  the  green  molds  belong? 

4.  What  type  of  organism  is  a  “reindeer  moss”? 


SUMMARY 


The  red,  the  green,  and  the  brown  algae  are  classified  as  thal- 
lophytes  in  the  kingdom  Plantae.  Many  of  these  algae  produce 
simple  organs  such  as  holdfasts  and  air  bladders.  Fungi  are 
heterotrophic  organisms  that  usually  grow  in  the  form  of 
hyphae.  Fungi  resemble  algae  in  their  growth  and  reproduc¬ 
tion.  Fungal  cells  also  have  cell  walls.  But  fungi  also  differ 
from  plants  in  some  important  ways.  They  do  not  contain 
chlorophyll  and  do  not  perform  photosynthesis.  Parasitic 
fungi  cause  many  diseases  in  plants  and  a  few  in  animals.  But 
the  majority  of  fungi  are  useful  saprophytes.  A  lichen  consists 
of  an  alga  and  a  fungus  in  a  symbiotic  relationship. 


REVIEW  QUESTIONS 

1.  What  are  some  reasons  for  considering  the  kelps  to  be 
the  most  advanced  group  of  algae? 

2.  Compare  the  habitats  of  red  algae  and  brown  algae. 

3.  Name  the  three  divisions  of  higher  algae  and  name  the 
pigments  found  in  each. 

4.  How  does  Chlamydomonas  differ  from  Euglena? 

5.  Why  are  the  higher  algae  classified  as  plants? 

6.  Explain  what  a  lichen  is. 

7 .  How  do  fungi  differ  from  plants? 

8.  Compare  the  formation  of  spores  in  the  three  major 
classes  of  fungi. 

9.  What  happens  to  acellular  slime  molds  when  the  envi¬ 
ronment  becomes  too  dry? 

10.  What  do  slime  molds  have  in  common  with  fungi? 


ANALYSIS  AND  APPLICATION  _ 

1.  Explain  why  the  color  of  red  algae  varies  with  the  depth  of 
the  water  in  which  they  grow. 

2.  Explain  the  life  cycle  of  Spirogyra. 

3.  How  do  most  fungi  nourish  themselves?  How  is  this  sys¬ 
tem  of  nutrition  beneficial  to  other  organisms? 

4.  Explain  the  life  cycle  of  a  cellular  slime  mold. 
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People  versus 


Microbes 


Microbes  and  Disease 


17—1  The  spread  of  disease  Microbes  are  all 
around  us  in  the  air,  soil,  water,  and  even  on  our  skin.  De¬ 
spite  this,  most  of  us  manage  to  stay  healthy  most  of  the 
time.  There  are  two  sets  of  reasons  for  this.  The  first  are  the 
many  natural  defenses  of  the  body.  They  will  be  discussed 
later  in  the  chapter.  The  second  set  of  reasons  has  to  do 
with  the  way  diseases  spread.  Disease-causing  microbes, 
or  pathogens  (path'3  jsns),  must  have  a  way  of  getting 
from  one  person  to  another.  Some  form  spores  that  float 
through  the  air,  but  many  do  not.  Fortunately  for  us,  many 
pathogens  cannot  spread  around  quite  so  easily. 

Some  microbial  diseases  get  started  by  accident.  An  ex¬ 
ample  is  a  disease  that  begins  when  pathogens  get  into  a 
cut  or  puncture  wound.  Lockjaw,  or  tetanus,  is  a  disease 
that  starts  this  way.  Other  diseases  spread  from  person  to 
person.  These  are  contagious  (kan  ta'jss)  diseases.  Such 
diseases  may  spread  directly  from  person  to  person  in¬ 
directly  by  things  that  people  handle:  food,  water,  cloth¬ 
ing,  and  so  on.  Some  of  the  pathogens  that  cause 
contagious  diseases  cannot  live  for  long  outside  the  human 
body.  If  they  do  not  spread  to  a  person,  they  die. 

Some  diseases  are  with  us  all  the  time,  such  as  the  com¬ 
mon  cold.  This  sort  of  disease  is  said  to  be  endemic 
(en  dern'ik).  Endemic  is  a  Greek  word  meaning  ‘in  the 
people.”  Malaria  is  an  endemic  disease  in  the  tropical  re¬ 
gions  of  the  world.  It  is  always  present  in  those  regions. 
When  a  disease  starts  to  spread  rapidly,  it  is  said  to  be 
epidemic  (ep  3  dern'ik). 
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Robert  Koch,  an  early 
microbiologist,  established  a 
procedure  for  determining  if  a 
particular  disease  is  caused  by  a 
particular  microorganism. 


Influenza  and  measles  often  become  epidemic  diseases  in 
the  winter.  There  are  always  a  few  cases  of  the  flu  around. 
But  when  the  number  of  cases  increases  rapidly,  it  is  called 
an  epidemic.  Sometimes,  epidemic  diseases  continue  to 
spread  until  they  involve  a  whole  nation  or  the  whole 
world.  This  situation  is  said  to  be  pandemic 
(pan  dem'ik),  which  means  “all  the  people.”  The  flu  be¬ 
came  pandemic  in  1918.  Millions  of  people  around  the 
world  became  ill  that  year. 

Scientists  are  not  sure  what  causes  a  disease  to  suddenly 
become  epidemic.  It  is  not  known  why  there  are  flu  epi¬ 
demics  in  some  years  but  not  in  others.  One  reason  might 
be  mutations.  Viruses  sometimes  have  mutations  that  in¬ 
crease  their  virulence.  Flu  viruses  with  increased  virulence 
might  be  the  cause  of  epidemics.  Another  cause  might  be 
that  people  lose  their  resistance  to  flu  over  the  years.  An 
epidemic  might  begin  in  a  year  when  many  people  have 
lost  their  resistance.  Perhaps  both  increased  virulence  and 
loss  of  resistance  are  causes  of  epidemics. 

The  flu  is  one  of  many  airborne  diseases,  or  diseases 
that  spread  through  the  air.  Sneezes  and  coughs  spray  : 
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many  small  droplets  of  moisture  into  the  air.  These  drop¬ 
lets  carry  bacteria  and  viruses.  Because  the  droplets  are  so 
small,  they  can  float  in  the  air  for  a  long  time.  Other  people 
may  inhale  the  droplets  and  become  infected  by  the  patho¬ 
gens  in  them.  The  droplets  also  settle  on  objects  such  as 
dishes,  clothing,  and  furniture.  People  who  handle  these 
objects  can  become  infected,  too.  In  addition  to  the  flu, 
other  airborne  diseases  include  measles,  mumps,  diph¬ 
theria,  chicken  pox,  and  fungus  infections. 

Some  diseases  are  caused  by  pathogens  in  food  and  wa¬ 
ter  that  enter  the  body  through  the  mouth.  These  are  called 
food-borne  and  waterborne  diseases.  The  majority  of 
these  diseases  are  caused  by  bacteria.  Some  are  also  caused 
by  viruses  and  protozoans.  Although  they  may  spread  to 
other  parts  of  the  body,  these  diseases  are  usually  centered 
in  the  intestines.  Pathogens  use  the  food  in  the  intestine  to 
multiply  and  grow.  Infectious  organisms  leave  the  body 
with  the  feces.  These  diseases  are  spread  through  food  and 
water  that  has  been  contaminated  with  human  wastes. 

Bacteria  of  the  genus  Salmonella  cause  typhoid  fever 
and  several  other  food-  and  water-borne  diseases.  Often 
Salmonella  diseases  are  spread  by  people  called  carriers 
(kar'e  ars).  These  people  are  infected  by  Salmonella  but 
do  not  show  any  signs  of  disease.  They  can  continue  to  ex¬ 
crete  the  bacteria  for  years  without  knowing  it.  Frequently 
Salmonella  diseases  are  spread  by  carriers  who  work  in 
restaurants  or  in  food-processing  plants.  If  they  fail  to  prac¬ 
tice  proper  personal  hygiene,  their  infection  can  be  passed 
to  many  people  through  the  food  they  handle. 


The  bacteria  and  viruses  that 
cause  disease  are  often  spread 
from  one  person  to  another  as  a 
result  of  coughing  and  sneezing. 


Entamoeba  histolytica  is  a  pathogenic  protist  that  invades  the  small 
intestine  and  causes  a  type  of  dysentery. 
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Dysentery,  cholera,  infectious  hepatitis,  and  viral  gastro¬ 
enteritis  are  examples  of  other  diseases  that  spread  like 
Salmonella  disease.  Dysentery  has  two  forms.  One  form  of 
it  is  caused  by  a  bacillus.  The  other  form  is  caused  by  an 
amoeba.  Cholera  is  a  serious  bacterial  disease,  which  has 
become  rare  in  North  America.  In  other  parts  of  the  world, 
especially  Asia,  cholera  is  endemic.  Hepatitis  is  a  virus  in¬ 
fection  of  the  liver.  It  is  sometimes  transmitted  by  shellfish 
that  have  been  token  from  waters  contaminated  by  sewage. 

Some  microbial  diseases  are  spread  by  direct  contact 
with  infected  material.  These  contact  diseases  can  be 
spread  from  sores  on  the  skin,  mouth,  or  genital  organs. 
Impetigo  is  a  bacterial  skin  infection  that  is  usually  spread 
by  contact.  Chicken  pox,  small  pox,  and  influenza  are  air¬ 
borne  diseases  that  can  also  be  transmitted  by  contact.  Dis¬ 
eases  spread  by  contact  with  the  genital  organs  form  a  spe¬ 
cial  class.  These  are  venereal  (va  nir'e  al)  diseases. 

A  number  of  diseases  are  transmitted  by  fleas,  ticks,  flies, 
and  mosquitoes.  Transmitters  such  as  these  are  called  vec¬ 
tors  (vek'tars).  The  Anopheles  mosquito  is  the  vector  of 
malaria.  Sleeping  sickness  is  transmitted  by  the  tsetse  fly. 
Both  of  these  diseases  are  caused  by  protozoa.  But  bacterial 
and  viral  diseases  are  also  carried  by  vectors. 

Rats,  squirrels,  and  other  small  animals  are  often  in¬ 
fected  by  bubonic  plague.  Fleas  are  the  vectors  that  trans¬ 
mit  this  disease  from  animals  to  humans.  Yellow  fever 
virus  can  only  be  carried  to  humans  by  a  single  type  of 
vector.  This  vector  is  the  Aedes  mosquito.  Viral  encepha-  > 
litis  (en  sef' 3  ll'tis),  an  infection  of  the  brain,  can  be  spread 
by  several  types  of  insects. 

/  7—2  Venereal  disease  Years  ago  diseases  such  as 
tuberculosis,  diphtheria,  and  poliomyelitis  were  major 
health  problems.  Vaccination  programs  and  antibiotics 
have  dramatically  reduced  the  occurrence  of  these  dis-  ( 
eases.  Today  these  diseases  have  been  replaced  by  the 
venereal  diseases  as  our  greatest  health  problem.  Well  over 
a  million  cases  of  venereal  diseases  are  reported  each  year 
in  North  America.  It  is  thought  that  many  more  cases  go 
unreported.  The  World  Health  Organization  estimates  that 
more  than  300  million  venereal  infections  occur  each  year 
worldwide. 

A  large  part  of  the  venereal  disease  problem  is  that 
people  are  embarrassed  by  it.  Venereal  diseases  are  spread 
by  sexual  contact,  and  people  do  not  like  to  talk  about  that.  : 
Those  who  are  infected  are  sometimes  afraid  to  seek  treat-  , 
ment.  This  is  unfortunate  because  two  of  the  most  com-  j 
mon  venereal  diseases  may  be  fairly  easy  to  cure  if  they  are 
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treated  early.  It  is  also  unfortunate  because  people  who  do 
not  get  treatment  continue  to  spread  the  diseases  to  others. 

The  most  common  of  the  venereal  diseases  is  gon¬ 
orrhea  (gon  3  re's).  This  has  become  the  most  wide¬ 
spread  microbial  disease  in  North  America.  Gonorrhea  is 
caused  by  a  bacterium.  It  is  informally  known  as  the  gono¬ 
coccus.  The  usual  signs  of  this  disease  are  a  burning  sensa¬ 
tion  and  a  discharge  from  the  genital  organs.  But  many 
people  show  no  symptoms  at  all.  This  is  one  of  the  things 
that  makes  it  so  difficult  to  control  this  disease. 

The  second  most  widespread  venereal  disease  is  syphi¬ 
lis  (sif  3  lis).  This  is  a  much  more  serious  disease  than 
gonorrhea.  It  kills  5  to  10  percent  of  the  people  who  are  in¬ 
fected  by  it.  Syphilis  is  caused  by  a  spiral  bacterium,  or 
spirochete.  Signs  of  the  disease  begin  to  appear  about  3 
weeks  after  infection.  A  sore  develops  where  the  bacteria 
entered  the  body.  The  sore  disappears  after  2  more  weeks. 
But  that  does  not  mean  the  disease  has  ended.  The  bacteria 
spread  to  other  parts  of  the  body.  They  may  infect  the 
brain,  heart,  or  other  organs.  Signs  of  these  new  infections 
may  not  show  up  until  many  years  after  the  first  sore. 

A  third  venereal  disease  is  genital  herpes  (jen'o  tol 
her'pez).  This  is  caused  by  a  herpes  virus,  a  relative  of  the 
herpes  virus  that  causes  fever  blisters  in  the  mouth.  Genital 
herpes  is  becoming  increasingly  common.  The  signs  of 
genital  herpes  infection  include  fever  and  blisters  on  or  in 
the  genital  organs.  The  disease  sometimes  disappears  on  its 
own.  In  other  cases  it  keeps  coming  back  repeatedly.  Syph¬ 
ilis  and  gonorrhea  can  be  treated  with  penicillin  because 
they  are  caused  by  bacteria.  Penicillin  has  no  effect  on  gen¬ 
ital  herpes  because  it  is  caused  by  a  virus.  At  this  time 
there  is  no  known  treatment  that  will  cure  genital  herpes. 


The  causative  agent  of  syphilis, 
Treponema  pallidum  and  the 
causative  agent  of  gonorrhea, 
Neisseria  gonorrhoeae,  are 
shown  above. 


SCIENCE  TERMS 

pathogens 
contagious 
endemic 
epidemic 
pandemic 
airborne  diseases 
food-borne  diseases 
waterborne  diseases 
carriers 

contact  diseases 
venereal  diseases 
vectors 
gonorrhea 
syphilis 
genital  herpes 
exotoxins 
endotoxins 
spreading  factor 
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1 7—3  How  microbes  cause  disease  We  have  seen 
that  pathogens  enter  the  body  through  air,  food,  and  wa¬ 
ter.  Other  pathogens  are  carried  by  vectors  and  some  are 
spread  by  sexual  activity.  Once  pathogens  enter  the  body, 
what  do  they  do?  How  do  they  cause  illness?  We  learned 
earlier  that  viruses  do  their  damage  by  multiplying  within 
the  cells  of  their  host.  It  is  not  the  same  with  bacteria.  Bac¬ 
teria  usually  live  in  the  spaces  between  cells,  rather  than 
inside  cells. 

Bacteria  often  cause  illness  by  producing  poisons.  In 
some  cases  bacteria  release  poisons  into  their  surround¬ 
ings.  These  poisons  are  called  exotoxins  (ek  so 
tok'sons).  They  are  released  by  living  bacteria.  The  bac¬ 
teria  that  cause  lockjaw,  or  tetanus,  produce  exotoxins. 
These  bacteria  usually  enter  the  body  through  puncture 
wounds  on  the  hands  or  feet.  But  the  signs  of  the  disease 
show  up  elsewhere.  The  muscles  of  the  head  and  neck 
may  become  paralyzed.  This  is  because  the  exotoxin  trav¬ 
els  through  the  bloodstream  to  reach  these  muscles. 

Bacteria  also  form  exotoxins  when  they  grow  in  food.  If 
meats,  soups,  milk,  or  cooked  vegetables  are  left  at  room 
temperature,  bacteria  will  grow  in  them.  The  bacteria  may 
release  exotoxins  into  the  food.  If  this  food  is  later  eaten, 
serious  illness  may  result.  It  is  exotoxins,  rather  than  the 
bacteria,  that  are  the  cause  of  many  cases  of  food  poison¬ 
ing. 

Certain  types  of  bacteria  contain  poisons  within  their 
cells.  These  poisons,  or  endotoxins  (en  do  tok'sins),  are 
not  released  until  the  bacteria  die.  Endotoxins  released 
when  bacteria  die  inside  the  body  may  produce  severe  re¬ 
actions.  High  fever  and  dangerously  low  blood  pressure 
are  among  these  reactions. 

Many  bacteria  produce  destructive  enzymes.  One  of 
these  enzymes  is  known  as  the  spreading  factor.  This 
enzyme  dissolves  the  substance  that  makes  our  cells  stick 
to  each  other.  The  bacteria  can  then  spread  between  cells 
more  easily.  Some  bacteria  make  enzymes  that  destroy  the 
membranes  of  human  cells.  These  enzymes  kill  blood  cells 
and  other  types  of  cells. 


CHECK  YOUR  FACTS 


1.  Give  an  example  of  an  airborne  disease. 

2.  Give  an  example  of  a  food-  or  water-borne  disease. 

3.  Which  is  the  most  common  form  of  venereal  disease? 

4.  Name  a  disease  that  is  spread  by  vectors. 

5.  Name  a  disease  that  is  spread  by  contact. 

6.  What  term  is  applied  to  a  disease  that  is  spreading  rapidly? 
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Defense  Against  Disease 

1 7—4  Keeping  the  microbes  out  The  best  defense 
against  disease  is  to  keep  infectious  microbes  out  of  the 
body.  Public  sanitation  is  a  necessary  part  of  this  defense. 
Personal  hygiene  is  also  necessary.  Proper  disposal  of  sew¬ 
age  is  important  in  keeping  the  pathogens  of  food-  and 
water-borne  diseases  away  from  us.  Elimination  of  vectors 
is  another  important  step  in  slowing  the  spread  of  disease. 

These  points  were  well  shown  in  the  building  of  the 
Panama  Canal.  In  the  early  years  of  construction,  thou¬ 
sands  of  workers  died  of  malaria,  yellow  fever,  and  ty¬ 
phoid  fever.  The  workers’  camps  were  unsanitary  and 
swarmed  with  mosquitoes.  People  thought  the  diseases 
were  carried  by  the  warm,  damp  air  of  the  tropics.  But  this 
is  not  true.  The  mosquitoes  were  the  vectors  of  malaria 
and  yellow  fever.  The  unsanitary  conditions  in  the  camps 
were  the  cause  of  the  typhoid  fever.  A  campaign  was 
started  to  clean  up  the  camps  and  to  get  rid  of  the  mos¬ 
quitoes’  breeding  places.  Within  a  few  months  the  diseases 
died  out,  and  construction  of  the  canal  went  ahead. 

Even  if  we  keep  clean,  we  cannot  keep  all  pathogens 
away  from  our  bodies.  But  the  pathogens  do  not  usually 
get  inside.  The  skin  acts  as  a  barrier  to  keep  them  out.  The 
membranes  that  line  the  mouth  and  the  digestive  system 
also  form  a  barrier  against  pathogens.  So  do  the  mem¬ 
branes  of  the  nose,  windpipe,  and  lungs.  All  these 
membranes  are  called  mucous  (myu'kas)  membranes. 
The  mucus  they  produce  traps  pathogens  and  keeps  them 
from  getting  into  the  tissues. 


A  white  blood  cell  is  engulfing  a  chain  of  bacteria  in  the  photograph 
below.  Red  blood  cells  can  also  be  seen. 
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Pathogens  enter  the  nose  and  lungs  with  every  breath 
we  take.  These  are  trapped  by  the  mucus.  What  happens 
after  that?  Coughing  and  sneezing  eliminates  some  of  this 
material.  The  mucous  membranes  of  the  windpipe  and 
lungs  are  lined  with  millions  of  microscopic  cilia,  like 
those  on  a  paramecium.  These  cilia  constantly  beat  up¬ 
ward  toward  the  nose.  This  action  brings  the  mucus  and 
the  trapped  pathogens  up  out  of  the  lungs. 

The  body  has  other  defenses  besides  the  barriers  formed 
by  the  skin  and  the  mucous  membranes.  Some  of  the  body 
fluids  can  slow  the  growth  of  pathogens  or  even  kill  them. 
For  example,  tears  contain  a  substance  that  can  kill  some 
bacteria.  Saliva  also  contains  substances  that  kill  some 
pathogens.  Many  of  the  pathogens  we  swallow  with  our 
food,  along  with  those  forced  out  of  the  lungs  and  then 
swallowed,  are  killed  by  acid  produced  in  the  stomach. 

Skin,  mucous  membranes,  tears,  and  stomach  acid  help  to 
keep  microbes  out  of  the  body.  These  are  sometimes  called 
the  body’s  first  line  of  defense  against  disease.  But  what  if 
microbes  get  past  the  first  line?  There  is  a  second  line  of  de¬ 
fense  formed  by  cells  that  destroy  microbes.  There  are  two 
kinds  of  these  cells.  One  kind  are  certain  types  of  white 
blood  cells.  The  second  is  a  type  of  cell  called  a  macro¬ 
phage  (mak'ra  faj). 

Some  white  blood  cells  and  macrophages  destroy  patho¬ 
gens  by  phagocytosis.  These  two  types  of  cells  are  called 
phagocytes  (fag's  sits)  for  this  reason.  The  phagocytes 
constantly  move  through  the  blood  and  other  tissues  of  the 
body,  searching  for  invading  pathogens.  There  may  be  as 
many  as  100  thousand  million  phagocytes  in  the  body  of 
an  adult  human.  No  matter  where  pathogens  enter  the 
body,  there  is  sure  to  be  a  phagocyte  nearby. 

17—5  Immunity  We  all  know  that  people  only  get 
certain  diseases  once.  If  you  have  had  measles,  you  will  not 
get  it  again.  Once  you  have  had  measles,  you  develop  im¬ 
munity  (i  myu'ns  te)  to  this  disease.  Immunity  is  a  spe¬ 
cific  process.  Immunity  against  the  measles  virus  does  not 
protect  against  any  other  disease.  Immunity  is  the  third  line 
of  defense  against  disease. 

Immunity  is  caused  by  substances  found  in  the  blood 
and  other  body  fluids.  These  substances  of  immunity  are 
known  as  antibodies  (an'te  bod  ez).  The  body  produces 
many  types  of  antibodies.  Each  type  is  effective  against 
only  one  kind  of  disease.  Antibodies  are  made  by  a  special 
kind  of  white  blood  cell  called  a  lymphocyte  (lim'fa  sit). 
Lymphocytes  are  found  in  the  blood,  in  the  bone  marrow, 
and  in  several  of  the  body’s  glands. 


Table  17-1  The  Four  Types  of  Immunity 


Type 

Source 

Duration 

Active 

Develops  as  a  result  of  in- 

Many  years 

fection.  Pathogens,  toxins, 

or  per- 

i 

D 

or  other  antigens  cause 
lymphocytes  to  produce 

manent. 

antibodies. 

7 

Passive 

Antibodies  passed  from 

Up  to  1  year. 

mother  to  infant  during 
pregnancy  or  in  colostrum. 

Active 

Develops  as  a  result  of  vacci- 

Many  years. 

nation.  Injection  of  dead  or 

May  need 

weakened  microbes  or 

booster 

weakened  toxins  causes 

shots  to  be 

U 

lymphocytes  to  produce 

per- 

E 

antibodies. 

manent. 

H 

cc 

< 

Passive 

Injection  of  antibodies  pro- 

Several 

duced  by  another 
organism. 

weeks. 

Bacteria,  viruses,  and  other  pathogens  contain  chemicals 
that  are  foreign  to  the  human  body.  The  chemicals  are 
completely  different  from  any  substance  found  in  humans. 
These  foreign  substances  are  called  antigens  (an'to  jons). 
When  an  antigen  enters  the  body,  it  causes  the  lym¬ 
phocytes  to  make  antibodies.  Antibodies  are  protein  mole¬ 
cules  with  very  complicated  shapes.  Each  antibody  has 
two  or  more  pockets  on  its  surface.  The  shape  of  these 
pockets  matches  the  shape  of  a  particular  antigen.  The  an¬ 
tigen  and  the  antibody  fit  each  other  like  a  lock  and  key. 
This  is  why  there  must  be  a  different  antibody  for  each  dis¬ 
ease,  or  each  antigen. 

Antibodies  use  their  pockets  to  attach  themselves  to  an¬ 
tigens.  Each  kind  of  antibody  has  pockets  of  a  different 
shape.  Each  antibody  has  pockets  that  will  fit  only  one  kind 
of  antigen.  When  an  antibody  attaches  to  an  antigen,  one 
of  several  things  may  happen.  The  antibody  might  cause 
several  pathogens  (antigens)  to  clump  together.  This  keeps 
the  pathogens  from  moving  around  and  spreading  through 
the  tissues.  It  also  makes  it  easier  for  phagocytes  to  capture 
the  pathogens.  Antibodies  that  cause  clumping  of  microbes 
are  called  agglutinins  (o  glii'to  nins). 
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ANTIBODY 


MICROBES 

FIGURE  1  7-1  Antibodies  bind  to  antigens  on  the  surfaces  of  invading 
microorganisms,  often  making  them  susceptible  to  attack  by  phagocytes. 


Some  antibodies  can  cause  the  cell  walls  of  bacteria  to 
break  open.  The  bacteria  are  killed  by  this.  An  antibody 
that  acts  in  this  way  is  called  a  lysin  (ll'sin).  Other  anti¬ 
bodies  attach  themselves  to  toxins  produced  by  bacteria. 
These  are  called  antitoxins  (an  te  tok'sins).  When  a 
toxin  is  combined  with  an  antitoxin,  it  can  no  longer  do 
any  harm. 

When  invading  pathogens  get  past  the  body’s  first  two 
lines  of  defense,  the  immune  response  begins.  Lym¬ 
phocytes  begin  to  make  antibodies  within  hours.  But  the 
pathogens  may  have  already  begun  multiplying.  As  they 
multiply  they  make  their  toxins  and  cause  their  disease.  It 
may  take  days  or  weeks  before  enough  antibodies  are 
made  to  eliminate  all  the  pathogens.  Finally,  when  all  of 
them  are  gone,  the  symptoms  of  the  disease  disappear.  But 
the  lymphocytes  do  not  forget. 

The  lymphocytes  remember  and  wait.  They  circulate 
through  the  blood  and  the  spaces  in  the  tissues.  Generally, 
if  the  same  kind  of  pathogen  enters  the  body  a  second  time, 
the  lymphocytes  react  immediately.  They  produce  anti¬ 
bodies  rapidly  the  second  time.  They  also  produce  many 
more  antibodies.  The  antibodies  will  eliminate  the  patho¬ 
gen  before  it  has  a  chance  to  multiply  and  spread.  The  mi¬ 
crobes  never  get  a  chance  to  produce  disease. 


17—6  Natural  and  artificial  immunity  When 
a  person  is  infected  by  the  measles  virus,  lymphocytes  re¬ 
act  slowly  the  first  time.  The  disease  may  last  for  a  week  or 
two.  That  same  person  might  be  infected  with  the  measles 
virus  many  times  thereafter,  but  the  person  never  knows 
it.  The  lymphocytes  react  quickly.  They  eliminate  the  virus 
before  any  signs  of  the  disease  appear. 

The  process  we  have  been  describing  is  active  natu¬ 
ral  immunity  (i  myii'no  te).  This  means  that  a  person’s 
lymphocytes  actively  make  antibodies  after  an  infection. 
Active  natural  immunity  lasts  for  many  years  or  even  a  life¬ 
time.  There  is  also  passive  natural  immunity  to  some 
diseases.  This  type  of  immunity  is  caused  by  antibodies  an 
infant  gets  from  its  mother.  This  type  of  immunity  is  called 
passive  because  the  infant’s  lymphocytes  do  no  work. 

The  antibodies  of  passive  natural  immunity  may  pass 
from  the  mother  to  the  infant  during  pregnancy.  Or  the 
antibodies  may  be  passed  to  the  infant  in  colostrum 
(kn  los'trom).  This  is  a  special  type  of  milk  produced  dur¬ 
ing  the  first  few  days  an  infant  is  nursed.  Colostrum  con¬ 
tains  many  antibodies.  Passive  natural  immunity  gives  pro¬ 
tection  only  during  the  first  year  of  life. 

Sometimes  natural  immunity  is  not  enough.  Some  dis¬ 
eases  develop  so  quickly  the  first  time  that  the  lymphocytes 
cannot  catch  up.  There  may  be  no  second  chance  for  the 
lymphocytes  to  react  more  quickly.  With  dangerous  dis¬ 
eases,  we  may  need  the  help  of  artificial  immunity.  Like 
natural  immunity,  the  artificial  type  can  be  either  active  or 
passive. 

Active  artificial  immunity  is  produced  by  injecting 
either  dead  or  attenuated  microbes  into  a  person.  Even 
though  the  microbes  are  dead  or  weakened,  they  still  act  as 
antigens.  Lymphocytes  produce  antibodies  against  the  in¬ 
jected  material.  The  lymphocytes  remember  it  also.  If  an 
infection  by  the  same  microbe  occurs  after  vaccination, 
lymphocytes  go  into  action  right  away.  Active  artificial  and 
active  natural  immunities  work  the  same  way.  The  lym¬ 
phocytes  do  the  work.  The  difference  is  that  the  natural 
form  is  started  by  an  infection  and  the  artificial  form  is 
started  after  vaccination. 

Some  diseases  are  caused  more  by  exotoxins  than  by  the 
bacteria  themselves.  In  diphtheria,  the  bacteria  grow  only 
in  the  throat.  But  their  exotoxin  may  spread  through  the 
whole  body  and  cause  serious  disease.  People  need  pro¬ 
tection  against  the  toxin  more  than  they  need  protection 
against  the  bacteria.  Artificial  active  imn  nity  against  the 
toxin  can  be  produced.  The  diphtheria  toxin  can  be  weak¬ 
ened  in  the  laboratory.  If  the  weakened  toxin  is  injected 


255 


Vaccines  containing  dead  or  weakened  microorganisms  are  often 
prepared  by  inoculating  fertilized  chicken  eggs  with  the  microorganism. 


into  a  person,  it  causes  lymphocytes  to  make  antibodies. 
The  antibodies  are  able  to  destroy  the  diphtheria  toxin. 
These  antibodies  will  protect  a  person  who  later  gets  a 
diphtheria  infection. 

Active  artificial  immunity  may  last  for  many  years.  In 
some  cases,  booster  shots  of  vaccine  must  be  given  a  few 
years  after  vaccination.  With  boosters  this  type  of  immu¬ 
nity  can  be  permanent. 

Another  type  of  artificial  immunity  is  only  temporary. 
This  is  passive  artificial  immunity.  This  type  is  pro¬ 
duced  by  injecting  antibodies  into  a  person.  The  anti¬ 
bodies  may  be  produced  by  another  person  or  by  an 
animal. 
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Passive  artificial  immunity  takes  effect  as  soon  as  the 
antibodies  are  injected.  This  method  is  used  in  crisis  situa¬ 
tions  because  it  works  fast.  It  is  used  in  epidemics.  It  can 
also  be  used  when  a  nonimmune  person  has  already  been 
exposed  to  dangerous  disease.  A  person  who  gets  a  deep 
wound  may  be  given  tetanus  antibodies  in  case  tetanus 
bacteria  are  in  the  wound.  Active  immunity  would  not  be 
fast  enough  to  do  any  good  in  this  case. 

Passive  artificial  immunity  lasts  for  about  a  month  or 
less.  Because  pre-formed  antibodies  are  injected,  the  lym¬ 
phocytes  do  not  do  any  work.  Because  they  do  no  work, 
they  do  not  remember.  The  lymphocytes  are  bypassed  by 
injecting  pre-formed  antibodies.  Once  these  antibodies 
have  worn  out,  there  is  no  more  immunity. 

To  summarize,  active  immunity  can  be  either  natural  or 
artificial.  In  both  cases  the  lymphocytes  in  a  person  make 
antibodies.  The  lymphocytes  will  remember  how  to  make 
the  antibodies  again,  if  needed.  Passive  immunity  can  also 
be  either  natural  or  artificial.  In  both  cases  the  antibodies 
come  from  outside  the  body;  from  mother  to  baby  (natu¬ 
ral)  or  by  vaccination  (artificial).  The  person’s  lympho¬ 
cytes  are  not  involved.  Passive  immunity  is  temporary. 

17—7  Chemicals  against  disease  It  is  sometimes 
necessary  to  use  drugs  or  chemicals  to  help  the  body  fight 
off  infection.  This  sort  of  treatment  is  called  chemo¬ 
therapy  (kem  o  ther'o  pe).  The  earliest  use  of  chemo¬ 
therapy  goes  as  far  back  as  1630.  It  was  then  that  quinine 
was  discovered  by  Europeans  as  a  cure  for  malaria.  Qui¬ 
nine  comes  from  the  bark  of  a  South  American  tree.  The  In¬ 
dians  of  South  America  had  been  chewing  quinine  bark  to 
treat  malaria  for  hundreds  of  years. 

A  major  advance  in  chemotherapy  came  in  1935.  A  fam¬ 
ily  of  chemicals  called  the  sulfa  (sul'fo)  drugs  was  de¬ 
veloped  in  Germany.  Sulfa  drugs  are  very  useful  because 
they  kill  a  variety  of  bacteria.  Sulfa  drugs  are  also  effective 
against  some  disease-causing  protozoa.  Sulfa  drugs  are 
sometimes  dangerous.  Although  they  were  used  for  many 
years,  they  have  now  been  largely  replaced  by  safer  drugs. 

Today  chemotherapy  depends  mostly  on  antibiotics 
(an  te  bT  ot'iks).  These  are  chemicals  produced  by  mi¬ 
crobes  to  kill  other  microbes.  Sulfa  drugs  are  artificial 
chemicals.  Antibiotics  are  produced  by  living  organisms. 
Fungi  and  bacteria  of  the  soil  are  the  main  sources  of  anti¬ 
biotics. 

Penicillin,  the  best-known  antibiotic,  is  produced  by  the 
fungus  Penicillium  notatum.  This  is  a  relative  of  the  green 
molds  found  in  blue  cheese  and  spoiled  fruit.  Penicillin 
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Alexander  Fleming,  shown  above,  isolated  the  first  antibiotic  from  a  mold 
called  Penicillium. 


was  discovered  in  1929  by  Alexander  Fleming.  Fleming 
found  a  Penicillium  mold  growing  on  an  agar  culture  of 
bacteria.  He  noticed  that  no  bacteria  were  growing  near 
the  mold.  Fleming  isolated  the  mold  and  soon  found  that  it 
produces  a  substance  that  kills  bacteria.  Later  testing 
showed  that  this  substance,  penicillin,  is  safe  to  use  in  hu¬ 
mans. 

Fleming’s  discovery  went  unnoticed  for  many  years.  It 
was  in  the  1940s,  during  World  War  II,  that  penicillin  fi¬ 
nally  came  into  use  as  a  drug.  Infected  wounds  were  kill¬ 
ing  more  soldiers  than  bullets  were.  An  effective  treatment 
for  these  infections  was  needed.  Penicillin  came  into  mass 
production  and  has  been  with  us  ever  since. 

In  1940  a  second  antibiotic,  called  streptomycin,  was 
isolated  from  a  soil  microbe.  Ever  since  then  the  search  for 
new  antibiotics  has  centered  on  soil  microbes.  Several 
thousand  antibiotics  have  been  found  since  1940.  How¬ 
ever,  not  all  of  them  are  useful.  Some  of  them  kill  humans 
just  as  well  as  bacteria.  About  30  of  these  substances  are 
now  used  in  chemotherapy. 

But  why  should  soil  microbes  make  antibiotics?  Why  do 
soil  microbes  kill  each  other?  Soil  microbes— whether  they 
are  fungi  or  bacteria— all  use  dead  organic  matter  for  food. 
They  compete  with  each  other  for  that  food.  Soil  microbes 
make  antibiotics  as  a  way  of  eliminating  the  competition! 
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CHECK  YOUR  FACTS 

1.  How  is  mucus  moved  up  from  the  lungs  to  the  nose? 

2.  What  parts  of  the  body  help  to  keep  microbes  out? 

3.  What  is  the  name  that  applies  to  any  foreign  substance 
that  enters  the  body? 

4.  What  type  of  antibody  causes  microbes  to  clump  together? 

5.  What  type  of  immunity  develops  after  vaccination? 

6.  Where  do  antibiotics  come  from? 


SUMMARY 

Microbial  diseases  can  be  transmitted  in  many  ways.  Patho¬ 
gens  can  spread  through  air,  water,  food,  and  by  contact. 
Some  diseases  are  spread  by  vectors.  Modern  medicine  and 
sanitation  have  eliminated  many  diseases,  but  venereal  dis¬ 
eases  are  increasing.  They  are  spreading  because  people  do 
not  report  their  infections.  Bacteria  produce  disease  by  releas¬ 
ing  toxins  and  destructive  enzymes.  While  vaccines  and  treat¬ 
ments  against  many  diseases  are  available,  the  best  way  to 
prevent  disease  is  to  keep  dangerous  pathogens  out  of  the 
body. 


REVIEW  QUESTIONS  

1.  What  is  a  carrier? 

2.  Explain  the  differences  between  endemic,  epidemic,  and 
pandemic  disease. 

3.  Explain  how  Salmonella  disease  is  spread  by  carriers. 

4.  What  is  the  difference  between  an  exotoxin  and  an 
endotoxin? 

5.  Explain  the  difference  between  the  two  types  of  natural 
immunity. 

6.  Explain  the  difference  between  the  two  types  of  artificial 
immunity. 

7.  How  do  antibiotics  differ  from  other  drugs  used  to  treat 
disease? 

8.  What  is  the  difference  between  an  antibody  and  an  anti¬ 
biotic? 

9.  What  advantage  is  it  for  soil  bacteria  and  fungi  to  make  an¬ 
tibiotics? 


ANALYSIS  AND  APPLICATION 

1.  Viruses  differ  from  bacteria  in  how  they  cause  disease.  Ex¬ 
plain. 

2.  Name  the  body’s  three  lines  of  defense  against  disease. 

3.  It  is  said  that  lymphocytes  have  a  memory.  Explain. 
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for  People 


18—1  Useful  microbes  We  hear  so  much  about  mi¬ 
crobes  that  cause  disease,  but  we  forget  that  only  a  few 
microbes  are  pathogenic.  There  are  many  thousands  of  mi¬ 
crobe  species.  Most  microbes  perform  useful  functions  in 
nature.  Life  would  not  be  possible  without  microbes. 

Some  of  the  useful  activities  of  microbes  were  men¬ 
tioned  in  earlier  chapters.  Bacteria  and  fungi  cause  the 
decay  of  dead  plants  and  animals.  Imagine  what  would 
happen  if  this  were  not  so.  The  bodies  of  dead  organisms 
would  pile  up.  The  chemicals  of  life  would  be  locked  up  in 
this  dead  material.  New  organisms  might  not  find  enough 
food  to  nourish  themselves.  The  microbes  of  decay  remove 
the  remains  of  dead  organisms.  In  addition,  they  release 
the  chemicals  in  these  dead  organisms.  Useful  chemicals 
are  returned  to  the  water  and  soil.  They  are  then  available 
to  living  organisms  to  use. 

The  chemicals  that  microbes  release  from  dead  organic 
matter  can  be  used  again  by  plants.  Plants,  in  turn,  serve  as 
food  for  animals.  Plants  and  animals  die  eventually.  Bac¬ 
teria  and  fungi  decompose  their  remains.  The  chemicals  of 
life  are  released  to  be  used  again  by  new  generations  of 
plants.  This  is  the  recycling  of  the  chemicals  of  life.  The 
recycling  is  made  possible  by  microbes. 

Microbes  perform  other  useful  functions  in  nature,  too. 
We  learned  earlier  about  the  importance  of  microscopic  al¬ 
gae.  As  small  as  these  cells  are,  they  perform  much  of  the 
photosynthesis  that  occurs  on  earth.  The  floating  algae  of 
the  lakes  and  oceans  form  the  food  for  all  other  organisms 
of  the  water.  In  the  future  these  algae  may  be  used  as  food 
for  people,  too. 
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Microbes  and  other  decomposers  break  down  dead  organic  matter  and 
release  the  chemicals  for  reuse  by  the  living  world. 


Microbes  are  responsible  for  nitrogen  fixation.  In  this 
process,  bacteria  and  blue-green  algae  trap  the  nitrogen 
gas  of  the  atmosphere.  These  microbes  convert  nitrogen  to 
nitrates,  which  are  used  by  plants  to  make  their  proteins.  ! 
Animals  get  their  proteins  from  plants.  In  other  words,  ni¬ 
trogen  fixation  by  microbes  is  the  basis  of  the  world’s  pro¬ 
tein  supply. 

Fermentation,  decay,  nitrogen  fixation,  and  photosyn¬ 
thesis  are  just  a  few  of  the  many  reactions  carried  on  by 
microbes.  There  is  probably  at  least  one  type  of  microbe 
that  can  use  each  of  the  chemicals  that  exist  in  nature. 
There  are  even  microbes  that  can  metabolize  things  like 
iron  and  petroleum.  Experiments  have  been  conducted 
with  bacteria  that  can  use  petroleum  as  food.  Perhaps 
these  microbes  will  be  put  to  work  in  cleaning  up  oil 
spills. 

Every  substance  in  nature  can  be  used  as  food  by  some 
microbe.  Microbes  nourish  themselves  in  all  possible 
ways.  Some  require  oxygen;  others  prefer  to  live  without 
oxygen.  Seeing  the  many  things  that  microbes  can  do, 
people  have  learned  to  put  microbes  to  work.  Microbes  are 
used  today  in  many  manufacturing  processes. 
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18—2  microbes  in  the  dairy  industry  People 
have  been  making  cheese  and  fermented  milk  products, 
such  as  yogurt,  for  thousands  of  years.  People  have  always 
known  that  milk  is  a  very  nutritious  food.  Before  the  days 
of  refrigerators,  milk  could  not  be  kept  for  more  than  a  day 
or  so.  Cheese  and  fermented  milk  products  were  first  made 
as  a  way  of  keeping  milk.  Cheese  can  be  kept  without  re¬ 
frigeration  for  much  longer  than  milk  can. 

Microbes  play  a  part  in  the  production  of  many  dairy 
products.  Besides  cheese  and  yogurt,  microbes  help  to  pro¬ 
duce  butter,  buttermilk,  and  sour  cream.  Microbes  give 
these  dairy  products  their  special  flavors.  Butter  can  be 
made  without  the  action  of  microbes.  Such  butter,  how¬ 
ever,  is  very  bland  and  unappealing. 

Butter  is  usually  made  by  adding  “starter”  bacteria  to 
cream.  These  bacteria  produce  lactic  acid  and  other  in¬ 
gredients  that  add  flavor  to  the  cream.  The  cream  is  later 
cooled  and  then  churned.  Churning  causes  the  micro¬ 
scopic  particles  of  butterfat  in  the  cream  to  stick  together 
to  form  the  butter.  The  liquid  that  remains  after  churning 
is  buttermilk. 

Buttermilk  can  also  be  made  by  adding  bacteria  to  pas¬ 
teurized  fat-free  milk.  The  bacteria  produce  chemicals  that 
give  the  buttermilk  its  flavor.  Buttermilk  produced  in  this 
way  is  called  cultured  buttermilk. 

Microbes  play  an  even  greater  part  in  the  making  of 
cheese.  Not  only  do  they  give  cheese  its  flavor,  but  they  are 
also  part  of  the  cheese-forming  process  itself.  Hundreds  of 
varieties  of  cheeses  are  produced  around  the  world.  Most 
are  made  from  whole  milk,  others  from  skim  milk.  Goat’s 
milk  is  sometimes  used,  too.  But  most  of  the  differences 
among  cheeses  are  caused  by  microbes.  The  action  of  mi¬ 
crobes  gives  cheeses  their  flavors. 

The  making  of  cheese  begins  with  the  addition  of  lactic 
acid  bacteria  and  enzymes  to  milk.  The  enzymes  and  the 
acid  produced  by  the  bacteria  cause  curdling  (kerd'ling) 
of  the  milk.  Curdling  is  the  separation  of  the  milk  solids 
from  the  liquid.  The  lumps  of  solids  that  form  are  called 
curd  (kerd).  The  curd  consists  of  protein  and  fat  along 
with  small  amounts  of  vitamins,  minerals,  and  lactic  acid. 
The  amount  of  fat  in  the  curd  depends  on  the  type  of  milk 
used.  Curd  made  from  skim  milk  has  a  low-fat  content. 

After  the  curd  has  formed,  a  liquid  known  as  whey 
(hwa)  is  left  behind.  Whey  consists  mostly  of  water.  It  also 
contains  lactose,  or  milk  sugar.  Whey  used  to  be  discarded, 
often  causing  pollution  of  streams  near  dairies.  Whey  is 
now  used  in  other  manufacturing  processes.  This  saves 
money  and  prevents  pollution  at  the  same  time. 
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In  cheese  making,  milk  is  first 
curdled  by  bacterial  activity.  Most 
cheese  is  then  allowed  to  ripen 
for  a  time.  Ripening  is 
accomplished  by  either  bacteria 
or  fungi. 


In  making  cheese,  the  curd  is  separated  from  the  whey 
by  straining.  After  the  curd  is  drained,  it  is  usually  salted. 
The  curd  can  be  used  in  this  fresh  condition  as  cottage 
cheese.  Fresh  curd  can  also  be  blended  with  cream  to 
make  cream  cheese.  Cottage  cheese  and  cream  cheese  are 
called  unripened  cheeses  because  they  are  made  from 
fresh  curd. 

Most  varieties  of  cheese  require  a  period  of  ripening. 
The  ripening  is  accomplished  by  bacteria  or  fungi.  These 
microbes  act  on  the  curd  over  a  period  of  time  to  produce  j 
special  colors,  flavors,  and  textures.  Cheeses  like  Cheddar 
and  Swiss  are  ripened  by  bacteria.  Blue  cheese  and  Cam- 
embert  are  ripened  by  fungi  of  the  genus  Penicillium. 
Each  ty  pe  of  cheese  is  ripened  by  a  different  microbe.  Rip¬ 
ening  requires  less  than  a  month  for  some  soft  cheeses. 
Hard  cheeses  may  ripen  for  over  a  year. 
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18—3  Microbes  in  the  food  and  beverage  in¬ 
dustries  One  of  the  best-known  activities  of  microbes 
is  the  production  of  wine,  beer,  and  other  beverages.  The 
fermentation  of  sugar  by  yeasts  is  the  source  of  all  alco¬ 
holic  beverages.  Fermentation  is  the  splitting  of  sugar 
molecules  in  the  absence  of  oxygen.  This  is  how  yeasts  ob¬ 
tain  their  energy  when  they  grow  without  oxygen.  Alcohol 
and  carbon  dioxide  are  produced  as  by-products. 

Yeasts  are  found  in  many  places.  Some  grow  naturally 
on  the  skins  of  grapes  and  other  fruits.  When  fresh  grapes 
are  crushed,  yeasts  from  the  skins  mix  with  the  sugar  in 
the  grape  juice.  The  yeasts  ferment  the  sugar  to  alcohol. 
This  is  how  wine  is  produced. 

Beer,  whiskey,  and  other  liquors  are  produced  by  fer¬ 
mentation  of  grains.  Barley  is  used  in  making  beer.  Corn, 
rye,  and  wheat  are  used  in  making  whiskeys.  These  grains 
contain  a  great  deal  of  starch  but  very  little  sugar.  Yeasts 
cannot  ferment  starch.  To  make  alcohol  from  grain,  the 
starch  must  first  be  converted  to  sugar.  This  is  done  by 
cooking  the  grain  and  adding  starch-digesting  enzymes. 


Wine  is  produced  as  a  result  of  the  fermentation  of  fruit  sugars  by  yeasts. 
The  alcohol  is  a  by-product  of  the  fermentative  process. 
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Pickles  are  made  by  preserving  cucumbers  in  a  brine-vinegar  solution. 
Microbes  are  responsible  for  the  souring  that  occurs. 


The  enzymes  convert  the  starch  to  sugar.  The  yeast  fer¬ 
ments  the  sugar  to  alcohol  and  carbon  dioxide.  A  liquid 
containing  small  amounts  of  alcohol  and  carbon  dioxide  is 
produced.  This  liquid  can  be  filtered  and  bottled  as  beer. 
In  the  production  of  whiskey,  additional  steps  are  needed 
to  increase  the  alcohol  content. 

Fermentation  of  sugar  by  yeasts  is  also  part  of  the  bread¬ 
making  process.  When  yeast  is  added  to  bread  dough,  it 
acts  on  the  sugar  in  the  dough.  Alcohol  and  carbon  dioxide 
are  produced.  The  carbon  dioxide  forms  bubbles  that 
cause  the  dough  to  rise.  These  carbon  dioxide  bubbles  are 
what  make  all  the  little  holes  we  see  in  bread.  The  alcohol 
produced  by  the  yeasts  boils  off  when  the  bread  is  baked. 

Some  types  of  bacteria  can  use  alcohol  as  their  food. 
These  bacteria  convert  alcohol  to  acetic  acid.  This  is  the 
sour-tasting  substance  that  gives  vinegar  its  flavor.  Vinegar 
was  first  made  by  allowing  such  bacteria  to  turn  some 
wine  sour.  Today  vinegar  is  made  from  alcohol  from  many 
different  sources. 

Microbes  play  a  role  in  the  production  of  several  foods 
besides  cheese,  bread,  and  vinegar.  Pickles,  green  olives, 
and  sauerkraut  get  their  special  flavor  by  the  action  of  mi¬ 
crobes. 
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Many  microbes  produce  vitamins  that  humans  require 
for  good  nutrition.  Bacteria  that  live  normally  in  the  hu¬ 
man  intestine  are  active  producers  of  vitamins.  These 
bacteria  provide  much  of  our  requirements  for  vitamin  K, 
biotin,  and  the  B  vitamins.  Many  of  the  vitamins  sold  in 
drugstores  are  produced  by  microbes.  Yeasts  also  produce 
many  vitamins.  People  who  need  extra  vitamins  sometimes 
get  them  by  eating  dried  yeast. 

Microbes  produce  useful  products  from  nonuseful  mate¬ 
rials.  Paper  mills,  dairies,  and  oil  refineries  make  wastes 
that  can  be  used  by  microbes.  Bacteria,  yeasts,  and  single- 
celled  algae  use  these  waste  products  as  food  for  their 
growth.  They  make  many  proteins  and  vitamins  as  they 
grow.  These  nutrients  can  be  used  as  food  supplements. 

Food  supplements  made  by  microbes  have  been  used  in 
raising  livestock,  such  as  cattle  and  chickens.  In  the  future 
these  food  supplements  may  be  used  to  help  people.  There 
is  a  serious  shortage  of  protein  foods  in  some  parts  of  the 
world.  Proteins  made  by  microbes  from  industrial  wastes 
can  help  with  this  problem.  Using  up  these  factory  wastes 
also  helps  to  cut  down  pollution.  These  waste  products 
might  otherwise  be  dumped  into  rivers.  Using  microbes 
this  way  will  help  hungry  people  and  will  help  prevent 
pollution  at  the  same  time. 

IS— 4  Microbes  in  manufacturing  pro¬ 
cesses  Microbes  are  involved  in  the  manufacturing  of 
many  products  other  than  foods  and  beverages.  One  ex¬ 
ample  is  the  manufacture  of  leather.  The  production  of 
leather  from  raw  animal  hides  is  called  tanning  (tan'ing). 
Several  types  of  bacteria  are  used  in  the  tanning  process. 
The  hides  are  first  soaked,  and  then  excess  flesh  is  scraped 
off.  Bacteria  are  than  used  to  remove  the  hair  from  the 
hides.  Finally  the  hides  are  soaked  again  in  large  tanks. 
Bacteria  produce  enzymes  that  digest  some  of  the  fibrous 
materials  in  the  hides.  This  leaves  the  soft,  flexible  material 
we  call  leather. 

Bacteria  serve  a  similar  function  in  the  production  of 
linen.  Linen  is  made  from  fibers  taken  from  the  stems  of 
flax  plants.  The  separation  of  the  useful  fibers  from  the 
other  material  in  the  flax  stems  is  called  retting  (ret'ing). 
Cut  flax  stems  are  placed  under  water.  As  materials  dis¬ 
solve  from  the  stems,  the  water  becomes  a  good  growth 
medium  for  bacteria.  The  bacteria  consume  the  substances 
that  glue  the  fibers  together  in  the  stem.  After  about  two 
weeks  the  separated  fibers  are  removed  and  washed.  When 
dry,  they  are  woven  into  linen  fabric.  A  similar  process  is 
used  in  preparing  hemp  fibers  for  making  rope. 
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The  fibers  in  the  stems  of  flax  plants  are  separated  through  the  action  of 
bacteria.  The  dried  fibers  are  then  woven  into  linen  fabrics. 


Microbes  can  use  almost  any  natural  substance  as  food. 
Microbes  can  convert  substances  from  one  form  to  an¬ 
other.  We  have  already  seen  an  example  of  this.  Bacteria 
convert  alcohol  to  acetic  acid,  or  vinegar.  In  so  doing,  the 
bacteria  get  energy  for  their  growth.  The  ability  of  mi¬ 
crobes  to  convert  substances  from  one  form  to  another 
makes  them  very  useful  in  the  chemical  manufacturing  in¬ 
dustry. 

Fungi  are  used  to  produce  several  chemicals  that  are 
used  in  the  making  of  paints.  Enzymes  obtained  from  bac¬ 
teria  and  yeasts  are  used  in  industrial  processes  such  as  pa-  j 
per  making.  Microbes  produce  several  solvents  that  are 
used  in  the  plastics  industry. 

Perhaps  the  greatest  use  of  microbes  is  in  the  production 
of  drugs  and  medicines.  Microbes  are  the  source  of  anti¬ 
biotics.  This  is  only  one  of  their  contributions  to  the  drug 
industry.  Bacteria  are  used  to  produce  several  vitamins, 
such  as  vitamins  Bl5  B12,  and  C.  Bacteria  and  fungi  also 
help  to  produce  medicines.  Among  these  are  drugs  used  in 
treating  blood  diseases  and  arthritis. 
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Microbes  are  also  put  to  work  on  the  farm.  Dairy  cattle 
are  often  fed  on  material  called  silage  (sl'lij)  during  the 
winter.  Waste  plant-materials  from  the  farm  are  packed 
into  a  silo.  Cornstalks  are  frequently  used  for  this  purpose. 
Fresh  cornstalks  do  not  make  very  nutritious  food.  The 
cornstalks  are  shredded  and  allowed  to  stay  in  the  silo  for 
several  months.  During  this  time  microbes  ferment  the 
plant  material.  They  convert  undigestible  materials  into 
useful  nutrients.  The  silage  is  fed  to  the  livestock  during 
the  winter  months  when  other  foods  are  not  available. 

The  use  of  microbes  to  process  silage  is  an  old  practice. 
There  are  also  some  newer  ideas  about  using  microbes  in 
agriculture.  Microbes  that  cause  diseases  in  insects  are  be¬ 
ginning  to  be  used  to  protect  crops.  Insects  do  much  dam¬ 
age  to  food  crops.  Formerly,  poisonous  chemicals  were 
used  to  rid  farmlands  of  these  pests.  But  the  use  of  disease- 
causing  microbes  is  a  better  idea.  Such  microbes  usually 
cause  disease  in  only  one  or  a  few  types  of  insects.  There  is 
little  danger  to  pets,  people,  or  wildlife  in  spreading  such 
microbes  on  crops.  By  contrast,  the  use  of  chemicals  to  kill 
insects  is  very  dangerous.  These  chemicals  can  kill  birds, 
earthworms,  and  useful  insects.  Disease-causing  microbes 
act  only  on  the  destructive  insects. 

Some  fungi  produce  a  chemical  that  stimulates  plants  to 
grow  faster.  This  chemical  is  produced  naturally  by  plants 
to  control  their  growth.  It  also  causes  plants  to  make  more 
seeds  or  more  fruit.  Having  this  chemical  produced  by 
fungi  makes  it  available  for  use  on  farms.  It  has  been  used 
to  increase  the  yield  from  fruit  trees  and  other  crops. 


Waste  plant-material  stored  in  silos  is  converted  into  nutritious  animal 
feed  through  the  fermentative  activity  of  microbes. 
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18—5  Microbes  in  waste  treatment  and  fuel 
production  Microbes  in  nature  decompose  the  re¬ 
mains  of  dead  organisms.  They  recycle  the  chemicals  of 
life.  Having  observed  this  in  nature,  people  are  learning  to 
make  microbes  do  similar  work  for  our  own  purpose.  Mi¬ 
crobes  are  now  being  used  in  sewage-disposal  processes. 
This  idea  is  similar  to  the  role  of  microbes  as  decomposers 
in  nature.  A  newer  and  even  more  important  idea  is  the 
use  of  microbes  to  convert  wastes  into  fuels.  This  idea  is 
similar  to  the  role  of  microbes  in  recycling  chemicals  in 
nature. 

Each  day  our  cities  produce  many  millions  of  litres  of 
sewage.  Something  must  be  done  with  this  sewage.  If  it  is 
discharged  into  lakes  or  rivers,  it  will  cause  pollution.  The 
water  in  these  lakes  and  rivers  could  not  be  used  for  any¬ 
thing  else.  The  sewage  must  be  processed  first  to  remove 
the  polluting  materials  from  it.  Several  modern  methods  of 
sewage  treatment  use  microbes  to  eliminate  pollution. 
These  methods  are  called  biological  sewage  treat¬ 
ment. 

Sewage  treatment  always  begins  with  the  removal  of 
coarse  solid  materials.  This  is  done  by  allowing  the  sewage 
to  pass  through  screens.  It  can  also  be  done  by  allowing 
the  sewage  to  settle  in  large  holding  tanks.  In  either  case 
the  liquid  still  contains  many  tiny  particles  and  dissolved 
chemicals.  These  substances  must  be  removed  before  the 
liquid  is  passed  into  a  lake  or  river. 

One  method  for  removing  the  particles  and  chemicals 
uses  a  trickling  (trikTing)  filter.  This  device  consists  of 
a  large  tank  filled  with  small  stones  and  pebbles.  Aerated 
sewage  is  allowed  to  trickle  through  the  bed  of  stones. 
When  a  trickling  filter  is  first  started,  the  stones  are  clean. 
After  a  few  weeks  of  passing  sewage  through  it,  the  stones 
become  coated  with  a  variety  of  microbes.  From  that  time 
on,  the  microbes  do  the  work  of  sewage  treatment.  As  long 
as  the  sewage  passing  through  is  aerated,  the  microbes 
grow  actively.  As  the  microbes  grow  they  use  the  particles 
and  chemicals  in  the  sewage  as  food.  The  water  that  leaves 
the  bottom  of  the  filter  is  fairly  clean. 

A  second  method  of  biological  sewage  treatment  uses 
two  tanks.  Sewage  is  pumped  first  into  a  tank  through 
which  air  is  bubbled.  Microbes  grow  rapidly  in  this  tank. 
They  use  the  oxygen  to  digest  the  materials  in  the  sewage. 
The  sewage  is  then  pumped  into  a  second  tank  and  al¬ 
lowed  to  stand.  The  microbes  and  the  remaining  small  par¬ 
ticles  settle  to  the  bottom.  The  material  that  accumulates 
on  the  bottom  of  this  tank  is  called  activated  sludge 
(ak'tsvatid  sluj). 


In  modem  sewage-treatment 
plants  (top)  microbes  are  used  to 
remove  pollutants  from  waste 
water  before  it  is  discharged  into 
bodies  of  water.  Activated  sludge 
(bottom)  is  rich  in  microbes  and 
can  be  added  to  untreated 
sewage  to  remove  pollutants. 


Activated  sludge  contains  many  microbes.  Some  of  this 
activated  sludge  is  returned  to  the  first  tank  (the  one  that  is 
aerated).  The  addition  of  the  activated  sludge  causes  the 
next  batch  of  sewage  to  be  digested  much  faster.  The  mi¬ 
crobes  in  the  activated  sludge  do  the  work  quickly.  There 
is  no  need  to  wait  for  new  microbes  to  grow  in  each  batch 
of  sewage. 

Only  a  part  of  the  activated  sludge  produced  in  this  pro¬ 
cess  is  reused.  The  remainder  is  available  for  other  uses. 
Activated  sludge  can  be  removed  from  the  settling  tank  and 
dried.  This  dried  material  makes  an  excellent  fertilizer. 

Activated  sludge  can  also  be  used  to  produce  methane 
(meth'an).  Methane  (CH4),  which  is  also  called  natural 
gas,  is  an  excellent  fuel.  Burning  methane  produces  no 
pollution.  To  produce  methane,  activated  sludge  is 
pumped  into  a  sealed  tank.  The  microbes  in  the  sludge  are 
forced  to  grow  without  oxygen.  Under  these  conditions 
the  microbes  ferment  the  remaining  sewage  particles  in 
the  sludge  to  methane. 


SCIENCE  TERMS 

curdling 

curd 

whey 

tanning 

retting 

silage 

biological  sewage  treatment 

trickling  filter 

activated  sludge 

methane 

gasohol 
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Alcohol  produced  by  the 
fermentation  of  plant  material  by 
microbes  can  be  used  to  make 
gasohol. 


The  use  of  microbes  to  convert  sewage  into  fuel  is  a 
fairly  new  idea.  It  has  been  tried  on  a  small  scale  and  found 
to  be  successful.  Perhaps  the  future  will  bring  greater  use 
of  this  idea.  It  will  certainly  help  with  our  country’s  ever¬ 
growing  need  for  new  sources  of  energy. 

Sewage  is  not  the  only  material  that  microbes  can  con¬ 
vert  into  clean-burning  fuel.  Any  plant  matter  that  contains 
much  starch  or  sugar  can  be  fermented  to  alcohol.  The 
process  is  much  the  same  as  in  the  production  of  alcoholic 
beverages.  If  the  starting  material  contains  sugar,  yeasts 
can  ferment  it  directly  to  alcohol.  If  the  starting  material 
contains  starch,  the  starch  must  first  be  converted  to  sugar. 

A  wide  variety  of  plant  materials  can  be  used  to  produce 
alcohol.  Examples  are  surplus  grain,  sugarcane,  and  waste 
parts  of  pineapple  plants.  Alcohol  as  a  fuel  can  be  used  in 
many  ways.  Perhaps  the  most  useful  of  these  is  the  produc¬ 
tion  of  gasohol  (gas'9  hoi).  Gasohol  is  made  by  mixing 
alcohol  with  gasoline.  It  is  used  to  power  automobiles, 
trucks,  and  farm  machinery.  Using  gasohol  as  auto  fuel 
will  help  to  conserve  the  earth’s  scarce  petroleum  re¬ 
sources.  Cars  that  burn  gasohol  may  also  give  off  less  pol¬ 
lution  than  cars  that  burn  ordinary  gasoline. 

Fertilizer  and  fuel  from  sewage,  fuel  from  surplus 
crops— all  of  this  is  accomplished  by  microbes.  Processing 
wastes  to  recover  useful  materials  is  a  powerful  idea  for 
the  future.  Recycling  things  this  way  reduces  the  wasting 
of  precious  natural  resources.  Microbes  can  help  us  with 
this  task. 


CHECK  YOUR  FACTS 

1.  How  do  microbes  nourish  themselves? 

2.  What  foods  do  microbes  help  to  produce? 

3.  What  vitamins  do  humans  get  from  bacteria  that  live  in  the 
intestine? 

4.  What  type  of  microbe  ferments  sugar  to  alcohol? 

5.  To  what  uses  are  microbes  put  in  agriculture? 

6.  What  useful  materials  are  produced  by  biological  sewage- 
treatment  processes? 

7.  What  materials  can  be  used  to  make  alcohol  for  fuel  pur¬ 
poses? 


SUMMARY 

Microbes  in  nature  perform  many  useful  functions.  They  de¬ 
compose  dead  organisms  and  recycle  chemicals.  Microbes 
nourish  themselves  in  all  possible  ways.  They  can  use  almost 
any  chemical  as  food.  Having  observed  all  these  things  that 
microbes  do  naturally,  people  have  put  microbes  to  work.  Mi¬ 
crobes  assist  in  the  production  of  a  wide  variety  of  foods.  The 
use  of  microbes  in  waste  recycling  processes  is  a  growing 
idea. 


REVIEW  QUESTIONS 

1.  Why  is  it  important  that  microbes  decompose  the  re¬ 
mains  of  dead  plants  and  animals? 

2.  What  two  steps  in  the  cheese-making  process  involve 
the  action  of  microbes? 

3.  What  must  be  done  before  yeast  can  convert  grain  into 
alcohol? 

4.  How  do  microbes  act  in  the  tanning  of  leather? 

5.  What  is  silage?  How  is  it  made? 

6.  Why  is  the  use  of  microbes  to  kill  insect  pests  a  better 
idea  than  the  use  of  chemical  poisons? 

7.  What  materials  can  microbes  convert  into  food  supple¬ 
ments? 

8.  What  are  two  methods  of  biological  sewage  treatment?. 

9.  How  does  a  trickle  filter  work? 

10.  What  is  the  advantage  of  using  gasohol  as  a  fuel? 

ANALYSIS  AND  APPLICATION 

1.  What  makes  microbes  useful  in  manufacturing  processes? 

2.  How  are  the  industrial  uses  of  microbes  similar  to  the  ac¬ 
tions  of  microbes  in  nature? 
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UNIT  3  REVIEW 


1.  Organisms  that  are  called  algae  are  found  in  three  differ¬ 
ent  kingdoms.  The  blue-green  algae  are  in  kingdom 


Monera;  the  golden  algae  and  diatoms  are  in  kingdom 


Protista;  and  the  red,  green,  and  brown  algae  are  in  king¬ 
dom  Plantae.  Explain  why  this  is  so. 

2.  Discuss  the  various  ways  in  which  protists  nourish 
themselves. 

3.  Many  microbes  share  a  common  means  of  surviving 
through  difficult  periods.  How?  Give  examples  from  sev¬ 
eral  different  groups  of  microbes. 

4.  Two  men  were  important  pioneers  in  the  study  of  mi- 

rrohes  Who  were  thev?  Discuss  their  contributions 
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The  plants  cover  much  of  the  land  area 
of  the  earth.  They  hold  the  soil  They 
feed  all  animals  on  the  land,  directly  or 
indirectly,  and  they  make  the  earth 
green.  They  provide  home  or  shelter  for 
many  of  the  earth’s  creatures.  Plants 
furnish  shade  and  beauty,  lumber,  and 
paper.  Plants  affect  the  lives  of  every 
land  animal  in  many  more  ways  than 
most  of  us  ever  realize. 


PLANTS 


19—1  General  characteristics  The  bryophytes 
(division  Bryophyta)  are  the  simplest  of  the  true  plants. 
They  are  thought  to  be  descendants  of  green  algae,  which 
they  resemble  at  certain  stages  of  their  life. 

The  bryophytes  include  the  mosses,  liverworts,  and 
hornworts.  Most  are  low-growing  plants  and  are  seldom 
recognized.  The  most  unique  characteristic  of  the 
bryophytes  is  their  lack  of  a  vascular  (vas'kys  br)  sys¬ 
tem,  which  transports  materials  through  the  stems  and 
leaves  of  higher  plants.  Their  lack  of  a  vascular  system  ex¬ 
plains  why  they  are  low-growing  plants.  A  plant  can  grow 
tall  only  when  it  has  an  efficient  system  for  transporting 
materials  within  the  plant. 

19—2  Where  are  bryophytes  found?  Most 
bryophytes  live  in  moist,  tropical,  and  semitropical  forests. 
However,  there  are  many  bryophytes— especially  the 
mosses— that  survive  in  moist  temperate  habitats.  A  few 
even  survive  in  dry  regions. 

The  bryophytes  are  often  pioneer  (pi  9  nir')  plants, 
or  plants  that  are  the  first  to  establish  themselves  in  areas 
where  there  are  no  plants.  For  example,  when  there  is 
enough  moisture,  they  can  establish  themselves  on  bare 
rock,  such  as  lava  from  volcanoes.  Several  different 
bryophytes  are  important  pioneer  plants  in  many  burned- 
over  forest  areas.  They  help  prevent  erosion,  or  the  wash¬ 
ing  away  of  soil,  until  larger  plants  have  time  to  take  over. 

One  group  of  mosses,  called  Sphagnum ,  grows  in  cold 
and  temperate  wetlands  called  bogs,  typical  of  northern 
Canada.  Sphagnum  bogs  are  more  acid  than  normal  fresh  - 


Various  species  of  Sphagnum 
moss  can  be  found  growing  in 
bogs.  The  dead  plants  may 
become  compressed  at  the 
bottom  of  the  bog  as  peat. 
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While  most  mosses  grow  in 

moist  environments  (top  right),  water,  and  decomposer  micro-organisms  do  not  thrive  in 
some  species  are  able  to  grow  in  them.  Therefore,  as  the  mosses  die  they  often  build  up  and 

do  not  decompose.  Over  the  years,  layers  of  dead  sphag¬ 
num  build  up  and  become  compressed,  forming  a  sub¬ 
stance  called  peat  (pet).  Peat  is  used  as  a  bedding,  or 
mulch,  in  vegetable  and  flower  gardens.  It  is  sometimes 
burned  as  a  fuel.  Many  old  bogs  have  been  cleared  of 
sphagnum  and  are  now  used  to  grow  cranberries. 

19—3  The  mosses  The  mosses  (class  Musci)  are  by 
far  the  largest  group  of  bryophytes.  Most  of  them  grow  in 
clumps  on  moist  soil,  but  some  are  aquatic,  and  some  even 
live  in  deserts.  In  rain  forests,  where  moisture  and  plant 
life  are  abundant,  mosses  also  grow  as  epiphytes  (ep's 
fitz).  Epiphytes  are  plants  that  grow  on  other  plants,  such 
as  trees,  but  are  nonparasitic.  They  do  not  take  nour 
ishment  from  the  plants  they  are  growing  on. 

Unfortunately  many  other  kinds  of  plants  are  incorrectly 
called  mosses.  “Reindeer  mosses,”  which  are  common  in 
the  northern  tundra,  are  lichens  (combinations  of  fungi 
and  algae).  “Spanish  moss,”  which  is  an  epiphyte  that 
hangs  from  trees  in  the  South,  is  a  vascular  seed  plant. 
Often  moss  is  used  incorrectly  as  a  name  for  numerous 
species  of  algae  that  grow  on  the  surface  of  ponds  and 
other  bodies  of  water. 
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19—4  Alternation  of  generations  In  their  life 
cycle,  Bryophytes  have  two  generations  that  alternate  with 
each  other— a  pattern  called  alternation  of  gener¬ 
ations.  One  generation,  called  the  gametophyte  (go 
me'to  fit),  produces  the  sperm  and  eggs,  or  gametes.  The 
gametophyte  alternates  with  the  other  generation,  the 
sporophyte  (spor'o  fit).  The  sporophyte  produces 
spores. 


Bryophytes,  such  as  these 
mosses,  can  often  establish 
themselves  on  rocks  and  other 
places  where  more  complex 
plants  cannot  grow. 


19—5  The  moss  gametophyte  The  moss  game¬ 
tophyte  develops  after  a  spore  germinates  and  starts  grow¬ 
ing.  The  spore  is  haploid  (hap'loid),  which  means  that  it 
has  only  one  set  of  chromosomes  ( IN).  Therefore  the  cells 
of  the  gametophyte  are  all  IN. 

After  the  spore  germinates,  the  first  growth  looks  like  a 
thread  of  green  algae.  It  is  called  a  protonema  (pro  to 
ne'mo).  The  name  means  “first  thread.”  As  the  protonema 
continues  to  develop,  it  sends  out  rhizoids  (rTzoidz).  The 
rhizoids  are  threadlike  extensions  that  grow  into  the  soil. 
They  anchor  the  plant  and  may  absorb  water  and  minerals. 

The  protonema  also  grows  “buds”  that  develop  into  the 
main  body  of  the  gametophyte.  The  gametophyte  consists 
of  a  short  stem  with  green,  pointed  leaves  growing  in  a  spi¬ 
ral  around  it.  However,  they  are  not  true  leaves  or  stems 
■because  they  lack  vascular  tissue. 
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Spanish  moss  can  be  seen 
growing  on  the  trees  in  this 
photograph.  Although  the  moss 
plants  grow  on  the  trees,  they  are 
not  parasitic  on  them. 


The  leaves  of  many  moss  gametophytes  have  a  special 
ability  to  withstand  drying  and  then  to  absorb  water  rap¬ 
idly.  For  example,  certain  species  in  arid  regions  can 
shrivel  up,  turn  brown,  and  look  as  if  they  were  dead. 
Later,  when  just  a  few  drops  of  water  fall  on  them,  they  ex¬ 
pand  and  turn  a  brilliant  green  color  in  a  short  time. 

When  the  gametophyte  plants  mature,  they  develop  sex 
organs  at  the  top  of  the  plants.  The  male  sex  organ,  the  an- 
theridiuni  (an  tha  rid'e  am),  produces  sperm  cells.  The 
female  sex  organ,  the  archegonium  (ar  ka  go'ne  am), 
produces  an  egg.  Fertilization  occurs  when  the  plants  are 
wet  and  the  sperm  can  swim  to  the  egg.  The  sperm  are  be¬ 
lieved  to  be  guided  by  chemicals  released  by  the  arche 
gonium. 

FIGURE  1 9- 1  Alternation  of  generation  in  a  typical  moss  plant  is  shown 
in  this  illustration. 
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The  slender  brownish  stalks,  each  topped  by  a  brownish  capsule,  are 
moss  sporophytes.  Each  is  attached  to  a  gametophyte  by  the  stalk. 


19—6  The  sporophyte  After  fertilization  the  egg  di¬ 
vides  and  eventually  develops  into  a  completely  new  plant, 
the  sporophyte.  However,  the  sporophyte  is  diploid, 
having  received  two  sets  of  chromosomes  (2N)— one  each 
from  the  sperm  and  the  egg. 

The  moss  sporophyte  does  not  look  like  the  game¬ 
tophyte.  It  is  a  slender  stalk  with  a  foot  that  remains  at¬ 
tached  to  the  top  of  the  gametophyte.  At  the  top  of  the  stalk 
is  a  capsule  in  which  the  spores  are  produced.  The  stalk 
usually  has  a  central  strand  of  cells  that  may  carry  food  and 
water  upward  from  the  gametophyte.  However,  the 
sporophyte  also  has  chlorophyll  and  carries  on  photosyn¬ 
thesis.  Botanists  (plant  biologists)  are  not  sure  how  de¬ 
pendent  the  sporophytes  are  upon  the  gametophytes  for 
their  nourishment. 

The  spores,  which  are  produced  by  meiosis  inside  the 
sporophyte  capsule,  are  haploid  cells.  They  are  released, 
usually  with  force,  when  conditions  are  most  favorable  for 
their  dispersal.  Often  they  are  released  in  dry  seasons,  I 
when  they  can  be  scattered  by  wind  currents. 

The  spore  may  germinate  as  soon  as  it  is  released.  If  it 
does,  it  will  develop  into  a  protonema,  then  into  a  new 
gametophyte  plant.  However,  the  spore  may  remain  dor¬ 
mant  for  many  years  before  it  germinates.  Spores  that  were 
stored  in  a  laboratory  for  55  years  were  still  capable  of  de¬ 
veloping  into  healthy  gametophytes. 
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19—7  Other  methods  of  reproduction  Mosses 

are  also  capable  of  reproducing  by  fragmentation, 
which  is  a  special  form  of  asexual  reproduction.  By  this 
method  the  gametophyte  branches  and  rebranches.  As  this 
branching  occurs,  older  parts  of  the  gametophyte  die  caus¬ 
ing  parts  of  the  plant  to  separate. 

Another  asexual  method  is  by  gemmae  (jem'e).  These 
are  small,  flat  bodies  that  grow  in  little  cups  on  the  leaves, 
stems,  or  rhizoids  of  the  gametophyte.  The  gemmae,  when 
released,  can  develop  into  new  gametophytes. 

19—8  The  liverworts  Most  liverworts  (class  Hepa- 
ticae)  grow  flat  on  moist  ground,  logs,  and  trees.  Many  are 
made  up  of  leaflike  structures  that  were  thought  to  look 
like  liver— hence  their  name,  which  means  “liver  herb.” 


Marchantia,  shown  at  left,  is  a 
liverwort  that  has  the  thallose 
body  form.  In  liverworts  the 
gametophyte  is  the  conspicuous 
generation. 


The  umbrella-shaped  structures 
in  the  photograph  at  left  are  the 
female  sex  organs  of  Marchantia 
The  eggs  are  produced  in  these 
structures. 
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FIGURE  1 9-2  In  Marchantia  both  the  male  and  female  sex  organs  grow 
from  the  dorsal  surface  of  the  gametophyte  plant. 
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There  are  two  types  of  liverworts.  One  type  has  a  leafy 
form,  with  many  leaflike  structures  branching  off  a  stem. 
More  than  two  thirds  of  all  liverworts  are  of  this  type.  Most 
live  in  tropical  rain  forests  and  many  are  epiphytes. 

The  other  type  of  liverwort  has  the  thallose  (thal'as) 
form,  which  has  a  flat  body  without  a  stem.  Most  of  the 
liverworts  found  in  temperate  regions  are  of  the  thallose 
form. 

19—9  Marchantia  One  of  the  most  common  groups 
of  liverworts  has  the  thallose  form  and  is  called  March¬ 
antia.  The  gametophyte  of  Marchantia  is  the  main  plant 
body.  It  is  often  one  of  the  first  pioneer  plants  to  be  found 
growing  after  a  forest  fire. 
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FIGURE  19-3  The  detailed  structure  of  a  Marchantia  gametophyte  is 
shown  in  this  illustration.  Marchantia  can  reproduce  asexually  with 
gemmae. 
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FIGURE  19-4 

The  sporophyte  of  Marchantia 
remains  attached  to  the 
archegonium. 


The  thallose  body  of  Marchantia  is  thick  and  has 
diamond-shaped  areas  on  its  dorsal  surface.  Also  on  the 
dorsal  surface  are  numerous  pores,  which  are  openings 
into  photosynthetic  chambers  where  gas  exchanges  occur. 
On  the  underside  of  the  Marchantia  body  there  are  rhi- 
zoids  and  scales  that  help  anchor  the  plant.  They  also  ab¬ 
sorb  moisture  and  nutrients. 

Like  the  mosses,  the  Marchantia  life  cycle  is  an  alterna¬ 
tion  of  generations.  The  sex  organs  grow  from  the  dorsal 
surface  of  the  gametophyte.  The  antheridium  is  a  round, 
dish-shaped  body  on  a  stalk.  Drops  of  water  falling  on  the 
antheridium  help  disperse  the  sperm  by  splashing  them 
over  the  plant.  The  archegonium,  where  the  eggs  are  pro¬ 
duced,  is  an  umbrella-shaped  organ.  It  is  also  on  a  stalk, 
which  grows  after  fertilization  occurs. 

The  sporophyte  of  Marchantia  is  very  small.  It  grows 
out  of  the  archegonium  and  has  a  foot,  a  short  stalk,  and  a 
capsule  somewhat  like  the  moss  sporophyte. 

Marchantia  also  reproduces  asexually  by  fragmentation 
and  by  gemmae.  The  gemmae  are  produced  in  cups  on  the 
surface  of  the  gametophyte.  Falling  drops  of  rain  cause 
them  to  splash  out  and  be  washed  to  places  where  they 
can  develop  into  new  gametophytes. 

19  —  10  The  hornworts  A  small  group  of 
bryophytes,  found  mostly  in  the  warmer  regions  of  the 
world,  are  called  hornworts  (class  Anthocerotae).  They  re¬ 
semble  the  liverworts  but  have  tall,  slender  spore  capsules 
that  split  lengthwise  and  resemble  animal  horns. 

The  hornworts  have  the  same  basic  reproductive  pattern 
as  the  mosses  and  liverworts.  Some  will  reproduce 
asexually  by  gemmae. 


CHECK  YOUR  FACTS 

1.  What  is  a  vascular  system?  How  does  this  relate  to  plant 
height? 

2.  Where  are  bryophytes  found? 

3.  What  is  a  pioneer  plant? 

4.  How  is  peat  formed? 

5.  What  are  epiphytes?  Are  they  parasitic?  Explain. 

6.  What  do  we  call  the  first  growth  of  the  moss  gametophyte? 

7.  What  are  rhizoids?  What  are  their  functions? 

8.  What  are  the  two  alternating  generations  in  the  life  cycles 
of  bryophytes?  What  are  the  reproductive  products  of 
each  generation? 

9.  What  is  the  slender  stalk  that  appears  on  top  of  the  moss 
gametophyte?  What  is  its  function? 
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SUMMARY 

The  bryophytes  are  the  simplest  of  the  true  plants.  They  in¬ 
clude  the  mosses,  liverworts,  and  hornworts.  They  are  differ¬ 
ent  from  other  true  plants  because  they  lack  a  vascular  sys¬ 
tem.  This  limits  their  height;  therefore,  most  are  small  plants. 
Bryophytes  are  usually  found  in  a  moist  forest  habitat.  They 
are  often  pioneer  plants  that  become  established  in  barren 
areas  until  other  plants  take  over.  The  typical  life  cycle  of 
bryophytes  follows  a  pattern  called  alternation  of  generations. 
The  gametophyte  generation  alternates  with  the  sporophyte 
generation. 


REVIEW  QUESTIONS 

1.  Trace  the  life  cycle  of  a  moss,  beginning  with  a  germi¬ 
nating  spore. 

2.  How  does  a  spore  differ  from  a  gamete  in  forming  new 
plants? 

3.  What  parts  of  the  moss  have  diploid  cells? 

4.  How  does  fertilization  occur  in  bryophytes? 

5.  What  are  two  types  of  liverworts?  Where  are  the  two 
types  of  liverworts  found? 

6.  Where  are  the  sex  organs  located  in  Marchantia? 

7.  What  are  gemmae? 

8.  How  would  you  distinguish  between  a  hornwort  and  a 
liverwort? 

9.  Is  it  likely  that  a  liverwort  could  act  as  both  a  pioneer 
plant  and  an  epiphyte  at  the  same  time?  Can  you  explain 
why  this  is  true? 

10.  With  a  few  exceptions,  what  characteristic  is  common  to 
all  the  places  where  the  bryophytes  are  found? 


ANALYSIS  AND  APPLICATION 

1.  A  forest  fire  burns  several  days  over  hundreds  of  acres,  de¬ 
stroying  all  living  organisms  in  its  path.  Within  a  few 
weeks,  however,  we  find  Marchantia  growing  in  the  area. 
Some  Marchantia  are  miles  from  the  nearest  unharmed 
forest.  How  would  you  explain  this  rapid  recovery  of  the 
growth  of  Marchantia ? 

2.  It  is  commonly  believed  that  moss  grdws  on  the  north  side 
of  trees.  While  this  is  not  always  trhe,  can  you  explain 
why  this  statement  is  often  true? 

3.  Most  bryophytes  can  only  survive  in  very  moist  areas.  Can 
you  give  some  reasons  for  this? 

4.  Of  what  value  are  pioneer  plants?  What  do  they  provide 
for  the  plants  that  follow? 
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20—1  Division  Tracheophyta  The  second  major 
division  within  the  plant  kingdom  includes  the  vascular 
plants  of  the  division  Tracheophyta.  These  plants  all  have  a 
vascular  system  for  conducting  water  and  food  through  the 
stems,  roots,  and  leaves. 

There  are  five  subdivisions  of  the  division  Tracheophyta, 
but  only  four  of  them  have  members  that  are  still  alive. 
One  subdivision  is  extinct. 

Three  of  the  subdivisions  with  members  that  are  still  liv¬ 
ing  do  not  produce  seeds.  They  will  be  discussed  in  this 
chapter.  The  fourth  group,  the  seed  plants,  will  be  dis¬ 
cussed  in  Chapter  22. 

20—2  The  horsetails  One  subdivision  (Sphenop- 
sida)  has  only  20  living  species.  These  are  members  of  the 
genus  Equisetum  and  are  commonly  called  horsetails. 
About  300  million  years  ago,  the  relatives  of  the  horsetails 
were  major  plants  that  dominated  the  landscape.  Some 
were  trees  15  m  tall.  Numerous  fossils  of  those  ancient 
plants  have  been  found,  and  the  horsetails  of  today  are  just 
like  many  that  lived  300  million  years  ago.  The  horsetails 
are  truly  “living  fossils.” 

Most  horsetails  grow  in  moist  locations  and  are  easy  to 
recognize.  They  are  usually  less  than  a  metre  tall,  and  most 
have  a  green  stem  that  looks  jointed.  However,  the  stem  is 
not  jointed.  A  closer  view  of  what  looks  like  a  joint  reveals 
a  circle  of  tiny  leaves.  Some  species  also  have  branches 
that  extend  out  from  between  the  leaves.  Those  with 
branches  probably  reminded  someone  of  a  horse’s  bushy 
tail  and  hence  the  common  name. 


Horsetails  were  once  the 
dominant  form  of  plant  life  on 
earth . 
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The  horsetails  have  stems  that  are  mostly  hollow.  The 
water-  and  food-conducting  tissues  are  located  around  the 
outer  part  of  the  stem.  The  tissue  on  the  outside  of  the 
stem,  the  epidermis  (ep  a  der'mis),  has  cells  with  silica 
in  their  walls.  This  gives  the  plant  a  rough  touch  when  it  is 
crushed  and  is  responsible  for  another  common  name  for 
these  plants.  Early  pioneers  in  America  called  them  scour¬ 
ing  rushes  and  used  them  to  scour  pots  and  pans. 

The  horsetails  that  we  see  are  members  of  the  spo- 
rophyte  generation.  Spores  are  produced  in  cones,  or 
strobili  (strob'a  IT)  (sing,  strobilus ),  that  grow  at  the  top 
of  the  plant.  These  spores,  when  released,  germinate  and 
develop  into  a  very  small  gametophyte.  Most  gametophytes 
are  less  than  1  cm  across  and  many  are  much  smaller.  The 
gametophytes  usually  produce  either  antheridia  (an  tha 
rid'e  a),  male  sex  organs,  or  archegonia  (ar  ka  go'ne  a), 
female  sex  organs,  but  some  produce  both.  Sperm,  when 
released  from  the  antheridia,  have  to  swim  through  water 
to  fertilize  the  egg.  The  fertilized  egg  then  develops  into  the 
sporophyte  that  we  know  as  the  horsetail. 

20—3  The  lycopods  Another  group  of  “living  fos¬ 
sils”  is  the  lycopods  (subdivision  Lycopsida).  They  too 
dominated  the  landscape  about  300  million  years  ago. 
Now  about  800  species  survive,  most  of  which  live  in  trop¬ 
ical  habitats.  Many  have  strobili  and  look  like  moss  game- 

_  , .  ,  tophytes,  hence  the  common  name  of  club  moss  for  many 

A  strobilus  is  visible  at  the  top  of  .  1 

Lycopodium  (left).  Selaginella,  a  species. 

spike  moss,  also  produces 

spores  within  strobili. 


The  fronds  of  ferns  are  common 
sights  in  most  forested  areas. 
Ferns  are  the  most  successful 
group  of  seedless  vascular 
plants. 


Lycopodium  is  a  common  lycopod  that  survives  in  the 
cold  forests  of  North  America.  Its  leaves  remain  green 
throughout  the  year.  Lycopodium  is  a  creeping  plant  that 
grows  low  across  the  ground.  It  is  often  called  ground  pine 
and  for  many  years  was  used  for  Christmas  decoration. 
Now,  because  it  is  becoming  rare  in  many  areas,  some 
states  have  protected  these  plants  by  making  it  illegal  to 
collect  them. 

Another  common  lycopod  is  Selaginella,  which  has 
some  species  that  live  in  temperate  regions.  Most  are  small 
plants  and  all  have  strobili  that  produce  spores. 

All  the  lycopods  that  we  observe  as  mature  plants  are  the 
sporophyte  generation.  The  gametophytes  of  Lycopodium 
are  very  small  and  some  grow  underground  and  are  never 
observed.  The  gametophytes  of  Selaginella  and  its  relatives 
produce  both  male  and  female  gametophytes,  which  are 
merely  clusters  of  cells  on  the  sporophyte. 

20—4  The  ferns  The  largest  group  of  seedless  vascu¬ 
lar  plants  is  the  ferns  (subdivision  Pteropsida).  The  ferns 
were  present  in  the  ancient  landscape  but  were  not  as 
dominant  as  the  other  plants  we  have  discussed.  But  today 
ferns  are  very  successful  plants.  About  65  percent  of  the 
species  live  in  tropical  habitats.  Some,  however,  are  very 
hardy  and  can  survive  in  desert  and  arctic  habitats. 

The  ferns  are  important  pioneer  plants.  In  the  north 
woods  of  America,  the  bracken  fern  is  the  most  common 
pioneer  plant.  It  is  the  first  to  invade  disturbed  areas,  such 
as  places  where  power  lines  or  ski  trails  are  built. 
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Sori,  clusters  of  sporangia,  can  be 
seen  on  the  frond  at  left.  The 
spores  develop  into  a  prothallus 
(right),  the  fern  gametophyte. 
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Most  ferns  that  we  see  are  actually  fern  leaves,  or 
fronds  (fronds).  The  fronds  grow  from  underground 
stems  called  rhizomes  (rl'zdmz).  the  bracken  fern,  one  of 
the  most  common  ferns  throughout  the  world,  is  an  ex¬ 
ample  of  such  a  fern.  The  rhizome  sends  up  a  number  of 
fronds  and  also  produces  roots  that  absorb  nutrients.  The 
roots,  rhizome,  and  fronds  make  up  the  sporophyte  gener¬ 
ation  of  the  fern. 

Fern  spores  are  usually  produced  in  clusters  of  spo¬ 
rangia  (spa  ran'je  a),  or  spore  capsules,  on  the  underside 
of  the  frond.  These  clusters  of  sporangia,  called  sori 
(sor'e),  are  easily  observed.  When  the  spores  are  ripe,  the 
sporangia  dry  up  and  split  open,  causing  the  spores  to  be 
thrown  away  from  the  plant.  Most  spores  are  extremely 
light  and  are  carried  great  distances  by  the  wind.  Charles 
Darwin,  on  his  famous  round-the-world  trip,  found  fern 
spores  in  air  samples  taken  hundreds  of  kilometres  from 
land. 


20—5  The  fern  gametophyte  When  a  fern  spore 
germinates,  it  develops  into  the  fern  gametophyte,  which 
is  called  a  prothallus  (pro  thaTos).  The  prothallus  is 
usually  less  than  1  cm  wide  and  is  seldom  observed.  The 
typical  prothallus  is  green,  carries  on  photosynthesis,  and 
is  independent  of  the  sporophyte.  The  antheridia  and  ar¬ 
chegonia  are  on  the  ventral  side  of  the  prothallus,  and  the 
sperm  must  swim  through  water  to  reach  the  egg. 
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The  developing  frond  of  the  fern 
sporophyte  is  called  a 
fiddlehead. 


When  the  egg  is  fertilized,  it  develops  into  a  new  spo¬ 
rophyte.  However,  some  gametophytes  can  reproduce 
asexually  by  gemmae  (small  disks  of  cells).  There  are  even 
some  fern  gametophytes  that  live  independently,  with  no 
known  sporophyte. 

20—6  The  developing  sporophyte  The  devel¬ 
oping  sporophyte  frond  has  an  unusual  appearance.  The 
cells  on  the  lower  surface  of  the  developing  frond  grow 
faster  than  those  on  the  dorsal  surface.  This  causes  the  de¬ 
veloping  frond  to  coil,  producing  what  is  called  a  “fiddle- 
head.” 

Most  ferns  have  little  economic  value  as  food  for  people 
or  livestock.  But  the  young  fiddleheads  of  the  ostrich  fern, 
found  in  eastern  North  America,  are  edible. 

Some  sporophytes  have  stems  that  grow  above  the 
ground.  One  example  is  the  tree  fern,  which  grows  in 
many  tropical  forests.  Another  example  is  a  climbing  fern 
(Gleichenia),  which  has  fronds  that  continue  to  grow  as 
long  as  they  are  alive.  Most  fronds  stop  growing  after  they 
reach  a  certain  length.  These  climbing  ferns  may  develop 
fronds  up  to  50  m  long.  Sometimes  they  are  serious  pests 
in  tropical  gardens  and  orchards. 

The  bracken  fern  is  a  serious  pest  in  many  parts  of  the 
world.  In  Great  Britain  and  New  Zealand  it  crowds  into 
grazing  lands  and  competes  with  the  native  grasses.  In 
New  Zealand,  ranchers  and  farmers  struggled  for  many 
years  to  eliminate  these  ferns  from  their  lands.  They  tried 
to  dig  out  the  rhizomes  but  found  that  by  breaking  the  rhi¬ 
zomes  they  only  caused  the  ferns  to  multiply.  They  tried 
overgrazing  the  ferns  with  sheep,  but  that  made  the  sheep 
ill.  Finally  they  learned  that  by  cutting  the  fronds  back  re¬ 
peatedly  the  food  reserves  in  the  rhizomes  were  eventually 
used  up,  causing  the  ferns  to  die. 


CHECK  YOUR  TACTS 


1.  Name  one  difference  between  the  tracheophytes  and  the 
bryophytes. 

2.  Describe  the  appearance  of  a  horsetail. 

3.  What  changes  have  occurred  in  horsetails  in  the  past  300 
million  years? 

4.  What  is  epidermis?  Why  is  it  rough  in  horsetails? 

5.  What  are  strobili? 

6.  What  are  ly copods?  Where  are  they  found? 

7.  What  are  two  common  lycopods  found  in  temperate  re¬ 
gions? 
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SUMMARY 

Three  subdivisions  of  division  Tracheophyta  that  do  not  pro¬ 
duce  seeds  are  discussed  in  this  chapter.  The  horsetails,  domi¬ 
nant  in  the  ancient  landscape,  now  number  only  20  living 
species.  Most  grow  in  moist  places  and  are  less  than  a  meter 
high.  The  stem  appears  to  be  jointed  because  of  circles  of  tiny 
leaves  and  may  also  have  branches  extending  out  from  these 
“joints.”  Silica  in  the  epidermis  makes  the  stem  feel  rough. 
Spores  are  produced  in  strobili  on  top  of  the  plant. 

The  lycopods  were  also  once  dominant  plants.  They  still  in¬ 
clude  about  800  living  species,  most  of  which  are  tropical 
plants.  Lycopodium  and  Selaginella  are  two  common  lyco¬ 
pods  that  live  in  temperate  regions. 

The  ferns  are  the  largest  group  of  seedless  vascular  plants. 
Many  ferns,  such  as  the  bracken  fern,  are  important  pioneer 
plants.  The  visible  part  of  the  fern  is  the  fronds,  or  leaves,  of 
the  sporophyte. 


REVIEW  QUESTIONS 

1.  Compare  the  abundance  of  ferns  with  that  of  horsetails— 
both  now  and  300  million  years  ago. 

2.  What  is  a  “living  fossil”?  Give  an  example. 

3.  What  is  significant  about  the  bracken  fern? 

4.  What  are  fronds?  From  what  do  they  grow? 

5.  What  are  sori?  Where  are  they  located? 

6.  How  do  the  gametophytes  of  ferns  differ  from  the  moss 
gametophytes? 

7.  Describe  how  a  fern  reproduces. 

8.  Describe  a  way  in  which  the  bracken  fern  is  useful.  How 
is  it  a  pest? 

9.  How  are  fern  spores  distributed?  What  is  the  range  of 
this  distribution? 

10.  What  causes  a  “fiddlehead”? 

11.  Using  common  names,  list  the  subdivisions  of  division 
Tracheophyta. 


ANALYSIS  AND  APPLICATION _ 

1.  Seedless  plants  dominated  the  landscape  300  million  years 
ago.  Today  seed  plants,  such  as  trees  and  grasses,  are  the 
major  plants.  This  is  partly  because  the  climate  of  the 
earth  has  changed.  How  would  you  compare  the  present 
climate  with  that  of  300  million  years  ago?  Explain. 

2.  What  advantage  do  plants  that  reproduce  by  seeds  have 
over  the  seedless  vascular  plants? 


295 


The  Seed 


Plants 


Introduction 

21-1  The  dominant  plants  We  have  discussed 
plants  that  dominated  the  landscape  millions  of  years  ago. 
These  were  plants  such  as  the  horsetails,  lycopods,  and 
ferns.  But  the  dominant  plants  of  today— the  plants  that 
give  our  planet  its  basic  green  color— are  the  seed  plants. 
We  shall  discuss  the  seed  plants  in  this  chapter. 

Why  are  the  seed  plants  dominant  today?  To  answer  that 
question  we  must  look  at  the  selective  advantages  that  seed 
plants  have  over  the  other  plants  we  have  discussed.  First, 
seed  plants  have  an  advantage  in  the  type  of  gametophyte 
they  produce.  Seed  plants  produce  extremely  small  game- 
tophytes  that  are  hardy.  The  gametophyte  is  completely  de¬ 
pendent  upon  the  sporophyte  that  produces  it.  The  game¬ 
tophyte  is  like  a  very  small  parasite  that  develops  on  the 
sporophyte,  which  is  the  seed  plant.  The  small  game¬ 
tophyte  gives  the  seed  plant  an  advantage  over  the  nonseed 
plant.  The  gametophyte  of  the  nonseed  plant  has  to  find  a 
favorable  place  for  development.  It  also  has  to  provide  its 
own  water  and  nutrients  and  to  survive  long  enough  to 
produce  gametes  and  a  sporophyte  embryo.  The  seed  plant 
gametophyte  has  none  of  these  problems. 

The  second  advantage  of  seed  plants  is  that  water  is  not 
required  for  fertilization.  You  will  recall  that  the  sperm  of 
nonseed  plants  always  have  to  swim  through  water  to 
reach  the  egg.  The  sperm  of  seed  plants  never  have  to 
swim  through  water.  Thus  they  are  more  independent  and 
better  adapted  for  survival  in  dry  habitats.  The  fact  that  wa¬ 
ter  is  not  required  for  fertilization  helps  to  explain  the  suc¬ 
cess  of  the  seed  plants. 
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SCIENCE  TERMS 

embryo 

dormancy 

endosperm 

testa 


21—2  The  seed  The  seed  itself  also  helps  to  explain 
the  great  success  of  the  seed  plants.  A  seed  consists  of  three 
basic  parts.  One  part  is  a  small,  partially  developed  plant 
called  the  embryo.  The  embryo  is  in  a  state  called  dor¬ 
mancy,  in  which  life  processes  have  slowed  down  or 
completely  stopped. 

The  second  part  of  a  seed  is  a  collection  of  stored  food 
called  the  endosperm.  The  endosperm  is  used  by  the  em¬ 
bryo  before  it  goes  into  dormancy.  It  is  also  used  after  the 
embryo  starts  growing  again.  The  endosperm  nourishes 
the  young  plant  until  it  is  developed  enough  to  begin  man¬ 
ufacturing  its  own  food  by  photosynthesis. 

The  third  part  of  the  seed  is  the  seed  coat,  or  testa.  The 
testa  is  the  outer  layer  of  the  seed  and  is  normally  very 
tough.  It  protects  the  enclosed  embryo  from  physical  dam¬ 
age  and  keeps  it  from  drying  out. 

Most  seeds  have  a  great  survival  ability.  This  helps  ac¬ 
count  for  the  success  of  the  seed  plants.  Many  seeds  can 
survive  such  extreme  conditions  as  freezing,  high  temper¬ 
atures,  and  long  periods  of  darkness.  Most  can  survive  for 
great  lengths  of  time,  until  favorable  conditions  for  plant 
growth  are  available.  An  extreme  example  was  a  10  000 
year-old  arctic  lupine  seed,  which  was  found  buried  in  the 
Yukon.  When  botanists  placed  the  seed  in  a  favorable 
growth  environment,  it  developed  normally  after  having 
been  dormant  for  all  those  years. 


FIGURE  21-1 

A  bean  seed  and  a  corn  seed  are 
shown  in  this  illustration. 
Although  they  are  from  two 
different  types  of  plants,  both 
seeds  contain  the  same  basic 
parts. 
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CHECK  YOUR  FACTS 

1.  What  type  of  plants  dominate  our  planet  today?  What  did 
they  replace? 

2.  What  are  two  selective  advantages  of  seed  plants  over 
seedless  plants? 

3.  How  is  the  gametophyte  of  the  seed  plant  superior  to  that 
of  the  seedless  plant? 

4.  Why  are  seed  plants  better  adapted  to  dry  habitats  than 
ferns  or  horsetails? 

5.  What  do  we  mean  by  dormancy ? 

6.  What  is  an  embryo? 

7.  What  is  the  function  of  the  endosperm? 

8.  What  is  the  testa?  What  two  functions  does  it  serve? 

9.  Why  do  seeds  themselves  help  account  for  the  success  of 
seed  plants? 


The  Gymnosperms 


21—3  Plants  with  naked  seeds  There  are  two  ba¬ 
sic  groups  of  seed  plants.  One  group,  the  gymno¬ 
sperms,  produces  naked  seeds,  or  seeds  that  are  not 
enclosed  within  a  specialized  structure.  The  other  group, 
the  angiosperms,  produces  seeds  that  are  enclosed 
within  a  specialized  structure.  This  seed-containing  struc¬ 
ture  is  called  a  fruit,  which  is  produced  by  a  flower.  The 
angiosperms,  or  flowering  plants,  will  be  discussed  later  in 
this  chapter. 

There  are  four  classes  of  gymnosperms,  but  only  one  is 
of  major  importance.  This  one  is  the  class  that  contains  the 

conifers. 

21—4  The  conifers  Included  among  the  conifers 
(class  Coniferae)  are  the  pine,  spruce,  juniper,  fir,  hem¬ 
lock,  cypress,  and  larch.  All  these  plants  have  woody 
stems.  Most  are  trees,  but  a  few  are  shrubs.  Shrubs  are 
bushy  plants. 

Most  conifers  have  needlelike  or  scalelike  leaves.  Such 
leaves  prevent  water  loss  and  help  adapt  conifers  for  living 
in  dry  climates. 

Most  conifer  leaves  are  green  throughout  the  year  (ever¬ 
green)  and  live  anywhere  from  2  to  14  years.  Exceptions 
are  the  larches  and  the  bald  cypresses,  which  shed  their 
leaves  once  a  year. 

The  conifers  include  the  largest  living  organisms  on  the 
earth.  There  is  a  giant  cypress  near  the  town  of  Tula  in 
Mexico  that  has  a  diameter  of  15  m.  The  tallest  trees  are  in 


Blue  spruce  is  a  long-lived 
conifer  that  is  found  throughout 
much  of  the  western  United 
States.  It  grows  well  at  high 
elevations. 


The  Monterey  cypress,  shown  above,  is  native  to  California.  It  is  not 
closely  related  to  the  bald  cypress  of  the  eastern  United  States. 


Bristlecone  pines  may  live  for 
over  5  000  years  and  are 
possibly  the  oldest  living 
organisms  on  earth.  They  are 
found  chiefly  in  Nevada. 


California.  They  are  the  coastal  redwoods,  which  grow  up 
to  110  m  tall. 

The  conifers  also  include  the  oldest  living  organisms  on 
earth.  The  bristlecone  pines  of  Nevada  are  up  to  5  000 
years  old.  Some  botanists  think  the  Tula  cypress  of  Mexico 
may  be  even  older. 

The  conifers  are  extremely  important  to  our  society. 
They  provide  about  85  percent  of  all  the  lumber  that  we 
use  for  building  houses  and  furniture.  Conifers  are  also 
used  to  produce  the  millions  of  tons  of  paper  that  we  use 
each  year,  mostly  in  newspapers. 

The  native  conifers  were  a  great  source  of  wealth  for  our 
new  nation  as  it  grew  and  spread  westward.  Now  conifers 
are  grown  as  “tree  crops”  in  many  regions,  particularly  in 
the  South. 

21—5  The  pines  The  most  numerous  of  the  conifers 
belong  to  the  family  of  pines.  The  leaves  of  pines  are 
needlelike  and  are  arranged  in  bundles  of  one  to  eight 
leaves. 

All  conifers  produce  two  types  of  cones,  and  the  pines 
produce  both  types  on  the  same  tree.  One  type,  the  pol¬ 
len  cone,  produces  pollen  grains,  which  are  immature 
male  gametophytes.  The  other,  the  seed  cone,  is  always 
larger  than  the  pollen  cone.  The  seed  cone  produces  the 
female  gametophyte  and,  eventually,  the  seeds.  Sometimes 
the  pollen  cones  are  called  male  cones  and  the  seed  cones, 
female  cones. 
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The  male  cone  ripens  in  the  spring  and  the  pollen 
grains,  or  pollen,  are  released  in  great  quantities.  The  pol¬ 
len  is  very  light  and  is  spread  for  great  distances  by  the 
wind. 

The  female  cone  begins  to  develop  in  the  spring  and 
produces  a  sticky  secretion  that  catches  the  pollen  in  the 
air.  Slowly  the  sticky  material  evaporates  and  draws  the 
pollen  inside.  Then  two  processes  occur  slowly  over  a  pe¬ 
riod  of  a  year.  First,  the  pollen  grain  germinates,  or 
starts  growing,  and  the  gametophyte  digests  its  way 
through  the  cone  tissue.  Second,  the  female  gametophyte 
matures  and  produces  an  egg.  This  egg  will  eventually  be 
fertilized  by  one  sperm  from  the  male  gametophyte.  But 
fertilization  will  not  occur  until  the  second  spring— about 
one  year  after  the  pollen  is  released. 

After  fertilization  the  embryo  continues  to  develop 
slowly,  with  the  cells  of  the  female  gametophyte  devel¬ 
oping  into  the  reserve  food  supply,  or  endosperm.  After 
another  year  the  seed  cone  usually  begins  to  grow,  which 
causes  the  cone  scales  to  separate.  By  this  time  the  seeds— 
complete  with  tough  seed  coat,  embryo,  and  endosperm- 
are  ready  to  be  released.  As  the  cone  grows  and  the  scales 
separate,  the  seeds  fall  out  of  the  cone.  The  seed  coat  has  a 


Pines,  such  as  the  umbrella  pine 
shown  above,  are  the  most 
numerous,  successful,  and 
economically  important  group  of 
conifers. 


The  large  seed  cone  in  the  center 
of  the  photograph  at  left  is 
surrounded  by  many  smaller 
pollen  cones. 
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winglike,  thin  extension  that  catches  the  wind.  The  seeds 
are  usually  spread  over  a  large  area. 

The  seed  cones  of  some  pines  do  not  open  for  many 
years.  When  they  do  open,  it  is  the  result  of  heat.  Usually 
this  is  the  heat  of  a  forest  fire.  This  unusual  adaptation 
causes  the  seeds  to  be  released  on  ground  where  com¬ 
petition  will  not  occur  for  the  developing  pines. 


Although  now  found  in  North 
America,  the  Ginkgo  is  native  to 
China.  It  is  also  known  from 
fossils  that  date  back  several 
hundred  million  years. 


21-6  Cycads  and  Ginkgos  Two  other  gymno- 
sperms  are  found  in  North  America,  but  they  are  “living 
fossils”  with  most  of  their  relatives  extinct.  One  group,  the 
cycads  (sl'kads)  (class  Cycadinae),  are  mostly  tropical 
species.  The  cycads  produce  cones,  but  they  have  leaves 
like  palm  trees,  which  are  flowering  plants.  There  is  only 
one  cycad  species  that  is  native  to  America.  It  is  a  Florida 
species  and  was  used  by  the  Seminole  Indians  for  making 
bread.  A  number  of  other  cycad  species  have  been  in¬ 
troduced  and  grown  as  ornamental  plants. 

The  other  gymnosperm  commonly  found  in  North 
America  is  the  Ginkgo,  or  maidenhair  tree,  which  is  the 
only  survivor  of  a  major  class  of  gymnosperms.  The 
Ginkgo  has  fan-shaped  leaves.  It  is  widely  planted  as  a 
shade  tree  and  is  popular  because  it  is  hardy  and  resistant 
to  insects  and  disease.  It  is  also  resistant  to  air  pollution, 
which  makes  it  well  suited  for  growth  in  many  cities. 


SCIENCE  TERMS 

gymnosperms 

angiosperms 

fruit 

conifers 

pollen  cone 

seed  cone 

germinates 

cycads 

Ginkgo 


Although  they  resemble  palm 
trees,  cycads  are  actually 
gymnosperms.  These  plants  were 
abundant  during  the  time  of  the 
dinosaurs. 
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CHECK  YOUR  FACTS 


1.  How  are  gymnosperms  different  from  the  other  seed 
plants? 

2.  What  is  the  most  important  class  of  gymnosperms?  List 
some  members  of  this  class. 

3.  Describe  the  leaves  of  conifers.  How  are  they  adapted 
for  living  in  dry  climates? 

4.  How  long  do  conifer  leaves  live? 

5.  Why  are  the  conifers  so  important  to  people? 

6.  Compare  the  two  types  of  cones  found  on  pine  trees. 

7.  Explain  how  pollen  makes  its  way  from  the  pollen  cone 
to  the  inside  of  the  seed  cone. 

8.  During  the  year  that  precedes  fertilization,  what  two 
processes  occur  in  the  female  cone? 

9.  How  are  seeds  released  from  pine  cones?  How  long  after 
fertilization  does  this  usually  occur? 

10.  How  do  some  pines  insure  that  their  seeds  will  develop 
without  heavy  competition? 


The  Flowering  Plants 

21—7  The  most  successful  plants  The  angio- 
sperms,  or  flowering  plants,  started  to  dominate  the  land¬ 
scape  about  100  million  years  ago.  Gradually  they  became 
the  dominant  plants  in  most  of  the  temperate  and  tropical 
habitats,  while  the  bryophytes  and  ferns  declined  in  num¬ 
ber.  The  conifers  continued  to  survive  mostly  in  dry,  cold, 
and  rocky  habitats,  where  they  mainly  grow  under  natural 
conditions  today.  The  flowering  plants  are  now  the  most 
abundant  plants  on  the  earth. 

Why  are  the  flowering  plants  so  successful?  There  are 
several  reasons.  They  have  deeper  root  systems.  They  have 
more  efficient  vascular  systems.  Their  leaves  are  broader 
than  the  needlelike  leaves  of  conifers,  which  gives  them  a 
much  greater  area  for  carrying  on  photosynthesis. 

One  of  the  most  important  reasons  for  the  success  of  the 
flowering  plants  is  their  ability  to  reproduce  faster  than  the 
other  seed  plants.  The  conifers,  for  example,  often  require 
two  years  to  produce  seeds.  Some  of  the  small  flowering 
plants  can  grow  to  maturity  and  produce  seeds  within  just 
a  few  days. 

21—8  Structure  of  a  flower  Flowers  are  quite  var¬ 
ied  in  structure,  and  we  shall  only  describe  an  ideal  or  typ¬ 
ical  flower.  Such  a  flower  has  four  rings  of  flower  parts, 
which  are  attached  to  the  flower  base,  or  receptacle.  The 


FIGURE  2  1-2 

The  structure  of  a  typical  flower  is 
shown  in  this  illustration. 
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outer  ring  of  flower  parts  is  the  calyx.  This  is  composed 
of  individual  parts  called  sepals.  Often  the  sepals  are 
green  and  leaflike  in  structure.  The  second  ring  of  flower 
parts  is  the  corolla,  which  is  composed  of  individual 
parts  called  petals.  The  calyx  and  corolla  have  no  direct 
reproductive  function.  However,  they  enclose  and  protect 
the  main  reproductive  organs.  Often  the  petals,  and  some¬ 
times  the  sepals,  are  brightly  colored.  Also  they  may  pro¬ 
duce  special  odors  and  nectar,  a  solution  with  a  high  sugar 
content.  The  bright  colors,  special  odors,  and  nectar  all  at¬ 
tract  animals  that  pollinate  the  flowers. 

The  third  ring  of  flower  parts  is  composed  of  the  male 
reproductive  organs,  the  stamens.  Their  number  varies 
in  different  flowers.  Each  stamen  has  two  main  parts.  One 
part  is  the  stalk,  called  the  filament.  The  other  part  is  the 
anther,  which  produces  the  pollen.  Each  pollen  grain  is 
an  immature  male  gametophyte  that  will  eventually  pro¬ 
duce  the  male  gametes,  or  sperm. 

The  fourth  ring  of  flower  parts  is  the  carpels,  which 
are  female  reproductive  organs.  The  number  of  carpels  can 
vary  from  one  to  many  in  different  species.  Also  several 
carpels  may  be  fused  into  one  structure.  There  are  three 
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basic  parts  of  a  carpel.  The  top  is  the  stigma,  where  the 
pollen  must  land.  Often  the  stigma  is  sticky  or  hairy,  an 
adaptation  that  helps  catch  the  pollen.  Below  the  stigma  is 
a  slender  stalk,  the  style,  which  may  or  may  not  have  a 
tube  through  it.  Below  the  style  is  the  ovary,  containing 
the  ovules.  The  ovules  produce  the  female  gametophyte, 
which  eventually  produces  an  egg. 

21—9  Pollination  The  process  of  pollination 

transfers  pollen  from  an  anther  to  a  stigma.  Self-pollination 
can  occur  if  pollen  is  transferred  to  the  stigma  of  the  same 
flower.  However,  there  are  usually  ways  that  this  is  pre¬ 
vented,  as,  for  example,  when  the  anthers  and  carpels  of  a 
flower  mature  at  different  times.  Cross-pollination— the 
transfer  of  pollen  from  one  flower  to  the  stigma  of  an¬ 
other— is  the  normal  process.  Cross-pollination  is  normally 
meant  when  the  term  pollination  is  used. 


Insects  such  as  butterflies,  bees,  and  beetles  are  important  in  the 
pollination  process  of  many  species  of  plants. 
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There  are  two  basic  methods  of  pollination.  One  is  by 
wind  that  blows  pollen  from  one  flower  to  another.  Flow¬ 
ers  that  are  wind-pollinated  do  not  have  brightly  colored 
sepals  or  petals.  They  usually  produce  tremendous 
amounts  of  pollen,  which  is  an  adaptation  that  increases 
the  probability  that  pollination  will  occur.  Most  wind- 
pollinated  plants  grow  in  cold  or  temperate  habitats.  The 
grasses  and  trees  such  as  oak,  birch,  and  elm  are  examples 
of  wind-pollinated  plants. 

The  other  method  of  pollination  is  by  animals  that  carry 
pollen  from  one  flower  to  another  on  some  part  of  their 
body.  Animal  pollinators  include  insects,  such  as  bees, 
flies,  mosquitoes,  beetles,  butterflies,  and  moths.  Other  an¬ 
imal  pollinators  are  hummingbirds  and  bats. 

Plants  that  are  animal-pollinated  always  have  something 
to  attract  the  animal.  Flowers  that  attract  bees  and  hum¬ 
mingbirds  are  always  brightly  colored.  Flowers  that  attract 
hummingbirds,  bees,  butterflies,  and  moths  produce  nec¬ 
tar.  Most  have  a  sweet  odor. 

Animal-pollinated  flowers  also  usually  have  special 
structures  that  are  adapted  to  the  specific  pollinator.  Flow¬ 
ers  that  are  pollinated  by  bees  often  have  a  platform  that 
the  bee  can  stand  on  while  collecting  the  nectar.  Flowers 
pollinated  by  butterflies,  moths,  and  hummingbirds  are 
usually  long  and  tubular  in  shape.  The  nectar  is  at  the  base 
of  the  tube  and  can  be  reached  only  by  the  long  siphoning 
tube  of  the  butterfly  or  moth  or  by  the  long  bill  of  the  hum¬ 
mingbird. 

Flowers  pollinated  by  beetles,  flies,  and  mosquitoes  of¬ 
ten  have  strong  odors.  The  odors  may  be  fruity  or  spicy. 
Also  they  may  be  very  unpleasant;  the  odor  of  rotting  meat 
is  very  attractive  to  certain  flies  and  beetles. 

21—10  Double  fertilization  Before  fertilization 
can  occur,  the  pollen  grain  first  must  germinate  on  the 
stigma.  After  germination  a  pollen  tube  begins  to  grow 
down  through  the  style.  Inside  the  pollen  tube  there  are 
two  cells.  One,  the  vegetative  cell,  contains  most  of  the 
normal  cell  organelles  and  is  responsible  for  maintenance 
and  regulation  of  the  pollen  tube.  The  second  cell,  the 
generative  cell,  will  divide  to  produce  two  sperm  cells. 
The  female  gametophyte,  which  is  in  the  ovule,  undergoes 
a  much  more  complex  process  of  development. 

When  the  pollen  tube  reaches  the  ovule,  it  enters  a  small 
opening  called  the  micropyle.  Then  the  vegetative  cell 
and  two  sperms  are  released.  One  sperm  enters  an  egg  cell  ; 
and  fertilizes  it.  This  forms  a  zygote,  which  will  develop 
into  the  plant  embryo. 


The  other  sperm  enters  a  cell  called  the  central  cell, 
which  has  two  nuclei.  These  nuclei  and  one  sperm  nu¬ 
cleus  fuse  to  form  a  3N  nucleus.  This  is  called  the  endo¬ 
sperm  nucleus.  The  endosperm  nucleus  divides  hun¬ 
dreds  of  times  and  eventually  develops  into  the 
endosperm,  which  will  nourish  the  developing  embryo. 

Note  that  two  fertilization  processes  occur  in  the  ovule, 
one  in  the  egg  and  the  other  in  the  central  cell.  This 
double  fertilization  is  a  unique  characteristic  of  the 
flowering  plants. 

21—11  Seed  and  fruit  After  fertilization  the  zygote 
may  begin  to  divide  immediately,  or  it  may  wait  for  several 
days  before  it  begins  to  divide.  But  eventually  it  develops 
into  a  plant  embryo,  with  tiny  leaves,  root  tip,  and  one  or 
two  cotyledons  (kot  3  le'dsns).  The  cotyledons  contain 
stored  food  that  will  nourish  the  plant  later,  when  the  seed 
germinates  and  the  embryo  starts  to  grow  again. 

As  the  embryo  reaches  the  end  of  its  first  period  of  devel¬ 
opment  and  becomes  dormant,  the  ovule  matures  and  be¬ 
comes  a  seed.  The  seed  coat,  or  testa,  will  protect  the  dor¬ 
mant  embryo.  Germination  of  the  seed,  or  the  breaking  of 
dormancy,  might  be  delayed  for  many  years. 


The  first  leaves,  the  cotyledons,  and  the  developing  stem  can  be  seen  in 
this  photograph  of  a  young  bean  plant. 
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These  photographs  show  the 
development  of  the  ovary  into  a 
fruit  in  a  cucumber  plant.  The 
seeds  are  contained  within  the 
fruit. 


While  the  ovule  develops  into  a  seed,  the  ovary  develops 
into  a  fruit,  which  is  a  seed  container.  The  fruit  may  be  a 
simple  capsule  like  a  pea  or  bean  pod.  Or  it  may  contain 
other  good-tasting  food  such  as  the  fleshy  part  of  a  cherry 
or  peach.  Sometimes  other  parts  of  the  flower,  such  as  the 
receptacle,  develop  along  with  the  ovary  into  a  fruit.  The 
apple  is  such  a  fruit.  The  part  that  we  eat  is  the  receptacle; 
the  core  is  the  mature  ovary.  Other  fruits  are  formed  when 
a  whole  cluster  of  ovaries  mature.  The  raspberry  and 
blackberry  are  two  examples. 

21—12  Seed  dispersal  A  seed  has  a  better  chance  of 
developing  into  an  adult  plant  if  it  lands  some  distance 
away  from  its  parent.  That  way  it  does  not  have  to  compete 
with  its  parent  for  water,  nutrients,  and  a  space  where 
light  can  reach  its  leaves.  The  seed  has  an  even  greater 
chance  of  developing  into  an  adult  plant  if  it  lands  in  a 
habitat  that  is  not  already  crowded  with  other  plants. 

Most  fruits  or  seeds  are  adapted  in  some  way  for  seed 
dispersal,  which  is  the  scattering  of  seeds  from  the  par¬ 
ent  plant.  Some  plants,  such  as  the  orchid,  produce  seeds 
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that  are  as  small  and  light  as  dust.  Such  seeds  can  be  dis¬ 
persed  for  great  distances  by  wind  currents. 

Many  fruits  have  wings  or  plumes  so  that  they  can  be 
carried  by  the  wind.  The  fruits  of  the  elm,  maple,  and  ash 
have  winglike  structures.  The  fruit  of  the  dandelion,  milk¬ 
weed,  and  thistle  have  fruits  with  parachutelike  plumes. 

Many  fruits  taste  good  to  animals,  and  that  is  their  best 
guarantee  for  dispersal.  The  good-tasting  fruits  are  eaten, 
and  the  fleshy  part  of  the  fruit  is  digested.  However,  most 
or  all  of  the  seeds  pass  through  the  digestive  system  unaf¬ 
fected  by  the  enzymes.  When  they  pass  out  in  the  body 
wastes,  they  are  someplace  other  than  where  they  were  ea¬ 
ten.  In  addition,  passage  through  the  digestive  tract  often 
readies  them  for  growth,  and  they  are  surrounded  by  na¬ 
ture’s  best  fertilizer. 

Animals  also  are  responsible  for  the  dispersal  of  other 
kinds  of  fruits.  There  are  fruits  with  hooks,  spines,  and 
various  kinds  of  “stickers”  that  cling  to  animal  hair  or 
feathers.  The  cocklebur,  sandbur,  and  beggar-ticks  are  ex¬ 
amples  of  such  fruits. 

Nuts  are  another  type  of  fruit  that  are  dispersed  by  ani¬ 
mals.  For  example,  the  squirrel  hauls  acorns  to  secret  hid¬ 
ing  places  and  buries  them  for  its  winter  food  supply.  But 
seldom  are  all  the  acorns  dug  up  and  eaten.  Thus  the  squir¬ 
rel  disperses  and  plants  acorns  that  will  grow  into  oak 
trees. 

Many  plants  produce  capsule  fruits,  such  as  bean  pods, 
that  coil  and  twist  apart  when  mature.  The  coiling  and 
twisting  results  in  the  seeds  being  thrown  some  distance 
away  from  the  parent  plant.  The  tumbleweed,  a  native  of 

Russia  that  has  invaded  the  North  American  plains,  uses  The  seeds  of  the  milkweed  (left) 

another  method  of  dispersal.  The  plant  grows  into  the  are  dispersed  by  the  wind.  The 

round  shape  of  a  ball.  When  the  plant  is  mature,  the  wind  ^eeds  of  the  common  burdock 
1  1  have  stickers  that  cling  to  furry 

animals. 


breaks  it  off  at  its  base  and  sends  it  rolling  and  tumbling 
across  the  plains.  And  while  it  rolls  and  tumbles,  it  dis¬ 
perses  seeds  like  salt  from  a  bouncing  saltshaker. 


21—13  Monocots  and  dicots  There  are  two  major 
groups  of  flowering  plants.  The  monocots  (subclass 
Monocotyledoneae)  have  one  cotyledon  in  their  seeds.  In 
addition,  they  usually  have  leaves  with  parallel  veins  and 
their  flower  parts  arranged  in  threes,  or  multiples  of  three. 
Monocots  have  fibrous  roots,  which  means  that  they 
have  several  main  roots  that  are  all  about  the  same  size. 
They  do  not  produce  annual  growth  rings,  and  they  have  a 
unique  vascular  system.  About  one  third  of  the  flowering 
plants  are  monocots.  They  include  all  the  grasses  and  such 
plants  as  cattails,  lilies,  and  orchids. 

The  second  major  group  of  flowering  plants  are  the  di¬ 
cots  (subclass  Dicotyledoneae).  Dicots  have  two  cotyle¬ 
dons  in  their  seeds.  Their  leaves  have  netted  veins  branch¬ 
ing  from  a  central  vein,  or  midrib.  Dicot  flower  parts  are 
arranged  in  fours  or  fives.  Their  root  system  is  a  tap  root, 
which  is  a  large,  primary  root  with  smaller  roots  branch¬ 
ing  from  it.  In  addition,  the  dicots  produce  a  ring  of  new 
tissue  every  year.  They  also  have  a  unique  vascular  system. 
All  American  trees  and  shrubs,  other  than  the  Ginkgo  and 
the  conifers,  are  dicots.  Dicots  also  include  such  flowers  as 
the  geranium,  violet,  and  sunflower. 


Various  grasses  are  the  natural 
food  source  of  many  animals.  In 
addition,  most  of  our  important 
grains  are  domesticated  grasses. 


21—14  Two  important  plant  families  We  can¬ 
not  begin  to  discuss  the  hundreds  of  different  families  of 
flowering  plants.  But  there  are  two  families  that  are  of  spe- 
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The  sunflower,  a  member  of  the  aster  family,  has  a  composite  flower. 
Only  members  of  the  aster  family  have  this  type  of  flower. 


cial  importance.  One,  the  grass  family  (family  Gramineae), 
is  a  monocot  family  that  is  important  for  at  least  three  rea¬ 
sons.  First,  the  grasses  cover  very  large  areas  of  land  and 
provide  food  for  almost  all  our  wild  and  domestic  grazing 
animals.  Second,  most  of  our  grains,  such  as  wheat,  oats, 
corn,  barley,  and  rice,  are  grasses  that  have  been  domes¬ 
ticated.  These  grains  are  the  basic  food  for  most  of  the 
world’s  human  population.  Third,  on  farmlands  and  natu¬ 
ral  grasslands  the  fibrous  roots  of  the  grass  plants  hold  the 
soil  and  help  keep  it  from  being  blown  away  by  wind  and 
washed  away  by  water.  Without  grasses  much  of  our  valu¬ 
able  farmland  and  grassland  would  turn  into  deserts. 

The  other  important  family  is  the  aster  family  (family  As- 
teraceae),  the  members  of  which  are  dicots.  It  is  the  largest 
plant  family  in  North  America  and  includes  such  plants  as 
the  aster,  daisy,  dandelion,  goldenrod,  and  sunflower.  The 
flowers  of  the  aster  family,  called  composites,  are  unlike 
the  flowers  of  any  other  family.  The  sunflower  is  a  good 
example  to  illustrate  the  structure  of  a  composite.  What 
seems  to  be  one  flower  is  actually  hundreds  of  flowers.  In 
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FIGURE  21-3 

A  composite  flower  is  made  up 
of  hundreds  of  smaller  flowers. 
Disk  flowers  form  the  center,  and 
ray  flowers  form  the  outside  ring. 


the  center  of  the  sunflower  there  is  a  cluster  of  small  flow¬ 
ers  called  disk  flowers.  The  disk  flowers  have  a  tubular 
corolla.  The  other  flowers  that  make  up  the  outside  ring  of 
the  sunflower  have  one  large  yellow  petal.  These  are  called 

ray  flowers. 


CHECK  YOUR  FACTS 


1.  List  four  reasons  why  the  flowering  plants  are  more  suc¬ 
cessful  than  conifers. 

2.  Describe  the  location  and  relationship  of  these  parts  of  the 
flower:  sepals,  receptacle,  corolla,  calyx,  and  petals. 

3.  Where  are  nectars  produced  and  what  is  their  function? 

4.  Where  is  pollen  produced  in  flowers? 

5.  Describe  the  parts  of  the  carpel  and  their  functions. 

6.  What  is  self-pollination?  How  is  this  sometimes  prevented? 

7.  What  two  methods  of  pollination  are  found  in  plants? 

8.  What  two  cells  are  in  the  pollen  tube?  What  is  their  pur¬ 
pose? 

9.  What  is  the  micropyle? 
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SUMMARY 

The  seed  plants  are  the  dominant  plants  today.  The  seed  plant 
gametophyte  is  completely  provided  for  by  the  sporophyte. 
Water  is  not  a  requirement  for  fertilization.  Seeds  are  durable, 
even  in  extreme  conditions.  These  advantages  have  allowed 
seed  plants  to  replace  the  once-dominant  ferns,  horsetails, 
and  lycopods.  The  seed  consists  of  a  dormant  embryo,  the  en¬ 
dosperm,  and  the  testa. 

Gymnosperms  are  those  seed  plants  that  do  not  enclose 
their  seeds  in  a  specialized  structure  (the  fruit).  Conifers  are 
the  major  class  of  gymnosperms.  They  have  woody  stems  and 
needlelike  or  scalelike  leaves.  Most  are  evergreen.  The  oldest, 
largest,  and  tallest  living  organisms  on  earth  are  conifers. 
Conifers  produce  two  types  of  cones— seed  cones  and  pollen 
cones.  Wind  transports  pollen  from  the  pollen  cone  to  the 
seed  cone,  where  it  is  trapped  and  drawn  inside.  After  the  egg 
is  fertilized,  the  seed  is  developed  over  yet  another  year.  Seeds 
are  finally  released  to  the  wind  two  years  after  the  pollen  was 
produced. 


REVIEW  QUESTIONS 

1.  List  two  reasons  for  the  success  of  seed  plants  over  non¬ 
seed  plants. 

2.  Describe  a  seed.  How  do  seeds  help  account  for  the  suc¬ 
cess  of  seed  plants? 

3.  On  what  basis  are  gymnosperms  classified  apart  from  an- 
giosperms? 

4.  Describe  how  conifers  reproduce. 

5.  What  are  the  four  rings  of  flower  parts  found  in  a  typical 
flower?  What  functions  are  performed  by  these  rings? 

6.  What  differences  might  one  observe  between  a  wind- 
pollinated  plant  and  an  animal-pollinated  plant?  Why? 

7.  Describe  double  fertilization.  What  parts  of  the  seed  are 
formed  from  this  process? 


ANALYSIS  AND  APPLICATION 

1.  Why  is  cross-pollination  superior  to  self-pollination? 

2.  Tomatoes  and  cucumbers  are  not  commonly  thought  of  as 
fruits,  yet  a  botanist  will  say  they  are.  Explain. 

3.  Growth  in  most  plants  occurs  in  special  tissues  at  the  tops 
of  the  stem  and  branches.  Grasses  are  an  exception;  they 
grow  at  joints,  some  of  which  are  at  the  lower  part  of  the 
stem.  How  would  this  make  grasses  better  adapted  for  sur¬ 
vival  in  regions  where  there  are  large  herds  of  grazing  ani¬ 
mals? 
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22  Seed  Plant 


Early  Development 

22—1  Development:  the  nature  of  the  proc¬ 
ess  The  processes  that  transform  a  fertilized  egg,  or  zy¬ 
gote,  into  a  mature  adult  are  called  development.  Usu¬ 
ally  an  organism  is  considered  to  be  mature  when  it 
produces  gametes  and  starts  reproducing.  But  a  tree,  for 
example,  continues  to  develop  as  long  as  it  is  alive. 

22—2  Process  of  development  Most  development 
occurs  at  the  cellular  level.  One  process  of  development  is 
cell  division,  which  results  in  an  increase  in  the  number 
of  cells.  Another  process  is  cell  growth,  the  process  by 
which  cells  get  larger.  A  third  process,  cellular  differ¬ 
entiation  (dif  a  ren  she  a'sfmn),  causes  cells  to  change  in 
form  and  function  from  their  parent  cells.  By  cellular  dif¬ 
ferentiation,  cells  in  the  plant  embryo  become  specialized 
into  water-conducting  cells,  food-conducting  cells,  lining 
or  epidermal  cells,  and  so  on. 

A  fourth  process  of  development,  supracellular  dif¬ 
ferentiation,  means  “differentiation  beyond  the  cell.” 
During  supracellular  differentiation,  the  different  special¬ 
ized  cells  become  organized  into  tissues,  organs,  systems, 
and  individuals.  Without  supracellular  differentiation,  an 
individual  would  be  just  a  mixed-up  mass  of  specialized 
cells.  Supracellular  differentiation  organizes  cells  accord¬ 
ing  to  each  individual’s  unique  genetic  code. 

22—3  The  plant  embryo  in  the  seed  The  seed 
contains  a  plant  embryo  that  has  already  undergone  some 
development.  The  embryo  has  already  developed  one  or 
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two  seed  leaves,  or  cotyledons.  Also  the  embryo  has 
well -developed  regions  above  and  below  the  cotyledons. 
The  region  above  the  cotyledons  is  the  epicotyl  (ep  3 
kot'sl).  It  will  develop  into  the  shoot,  the  above-ground 
part  of  the  plant  that  includes  the  stem  and  leaves.  Another 
region  of  the  embryo  is  the  radicle  (rad's  ksl),  which 
will  develop  into  the  roots.  The  region  between  the  radicle 
and  the  cotyledons  is  the  hypocotyl  (hi  ps  kot'sl). 

The  embryo  is  normally  in  a  condition  of  dormancy 
when  it  is  in  the  seed.  Few  or  no  metabolic  activities  are 
going  on  in  the  embryo  during  its  dormant  stage. 
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FIGURE  22-1 

The  structure  of  a  corn  seed  and 
the  germination  and  early 
development  of  a  corn  plant  are 
illustrated  in  this  figure.  Corn  is  a 
monocot. 


22—4  Germination  The  beginning  of  development 
of  the  plant  embryo  after  a  period  of  dormancy  is  called 
germination  (jer  ms  na'shsn).  Many  factors  may  be  in¬ 
volved  in  the  breaking  of  dormancy,  but  the  main  ones  are 
temperature  and  moisture.  The  ideal  temperature  varies 
for  each  seed,  but  moisture  is  always  needed.  Once  water 
gets  inside  the  seed,  the  dormant  embryo  usually  bursts 
into  an  explosion  of  metabolic  activities.  Energy  is  trans¬ 
formed  in  the  cells,  using  food  stored  in  the  endosperm  or 


cotyledons.  The  protein  synthesis  machinery  goes  into 
high  gear,  producing  both  structural  proteins  and  en¬ 
zymes.  Usually  within  hours  after  taking  in  water,  the  seed 
coat  bursts  and  the  young  plant  is  visible  as  it  bursts  out  of 
the  seed. 

Some  seeds  have  to  be  washed  by  rainfall  before  they 
will  germinate.  Other  seeds  have  to  have  their  seed  coat 
scratched  or  cracked.  Some  need  to  be  heated  by  a  lire  or 
partly  digested  as  they  pass  through  the  digestive  system  of 
an  animal. 

Many  seeds  of  temperate  regions  have  to  be  exposed  to 
one  or  more  periods  of  freezing  and  warm  temperatures 
before  they  will  germinate.  This  is  a  safety  adaptation.  Oth¬ 
erwise  they  might  germinate  during  an  unusually  warm 
day  in  December,  then  freeze  and  die  a  few  days  later. 


FIGURE  22-2  The  structure  of  a  bean  seed  and  the  germination  and  early 
development  of  a  bean  plant  are  illustrated  in  this  figure.  Bean  is  a  dicot. 


CHECK  YOUR  FACTS 


1.  Define  development. 

2.  When  is  an  organism  usually  considered  to  be  a  mature 
adult?  Does  this  hold  true  for  all  organisms?  Explain. 

3.  What  three  processes  of  development  occur  at  the  cellu¬ 
lar  level? 

4.  What  is  cell  differentiation? 

5.  What  is  supracellular  differentiation? 

6.  What  is  an  epicotyl?  What  will  it  form? 

7 .  What  is  a  radicle?  A  hypocotyl? 

8.  What  factors  usually  cause  dormancy  to  break?  What  de¬ 
velopment  stage  follows  the  breaking  of  dormancy? 
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Primary  Growth 

22— 5  Growth  regions  There  are  two  regions  in  the 
embryo  of  the  germinated  seed  where  development  is  oc¬ 
curring.  These  are  called  growth  regions,  even  though  the 
other  processes  of  development— cell  division,  cellular  dif¬ 
ferentiation,  and  supracellular  differentiation— are  occur¬ 
ring.  The  two  growth  regions  are  called  apical  meri- 
stems  (ap's  kal  mer's  stemz).  They  are  located  near  the 
root  tip  and  near  the  tip  of  the  shoot.  There  are  three  zones 
in  the  region  of  root  apical  meristem.  One  is  the  true  meri- 
stematic  tissue,  where  cell  division  is  occurring.  Nearby  is 
the  zone  of  elongation,  where  the  cells  are  growing  longer. 
Just  beyond  is  the  zone  of  differentiation,  where  cells  are 
becoming  specialized.  The  apical  meristem  in  the  shoot  is 
about  the  same  as  that  in  the  root.  However,  the  zones  of 
elongation  and  differentiation  are  not  as  clearly  defined  as 
they  are  in  the  root. 

Plant  growth  that  results  from  development  in  the  apical 
meristems  is  called  primary  growth.  It  is  the  primary 
growth  that  results  in  the  lengthwise  development  of  the 
plant.  This  includes  the  upward  growth  of  the  stem  and 
the  downward  and  lateral  growth  of  roots.  Primary  growth 
is  also  responsible  for  the  development  of  branches, 
leaves,  and  flowers. 


FIGURE  22-3 

The  locations  of  the  meristematic 
tissue  in  a  root  (left)  and  a  stem 
(right)  are  shown  in  this  figure. 


22-6  Primary  xylem  The  tissues  that  result  from 
the  development  of  apical  meristems  are  called  primary  tis¬ 
sues.  One  important  primary  tissue  is  primary  xylem 
(zTlem).  Primary  xylem  is  found  throughout  the  root, 
stem,  branches,  and  leaves.  The  main  function  of  primary 
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The  spirallike  structures  at  left  are 
xylem  vessels  in  Coleus.  Xylem 
tissue  is  responsible  for 
transporting  water  in  the  plant. 


xylem  is  to  conduct  water  throughout  the  plant.  However, 
it  also  supports  the  plant  and  sometimes  stores  food. 

Primary  xylem  in  flowering  plants  is  made  up  of  two 
kinds  of  cells.  One  is  called  a  vessel  (ves'al)  element. 

The  other  is  called  a  tracheid  (tra'ke  id).  Both  kinds  of 
cells  develop  secondary  walls  in  addition  to  the  normal  cell 
wall,  or  primary  wall.  The  secondary  walls  are  usually 
ring-  or  spiral-shaped.  Their  function  is  to  reinforce  the  in¬ 
terior  of  the  cell  and  give  it  more  strength.  Another  charac¬ 
teristic  of  the  vessel  elements  and  tracheids  is  that  they  die 
when  they  become  mature.  All  that  is  left  is  their  second¬ 
ary  and  primary  walls,  which  perform  the  actual  functions 
of  xylem  tissue. 

The  vessel  elements  have  openings,  or  pores,  in  their 
end  walls  and  along  their  side  walls.  Each  vessel  element  is 
joined  end  to  end  with  another  of  its  kind.  Thus  they  form 
a  long,  continuous  tube,  called  a  vessel  (ves'sl),  through 
which  water  can  move. 

The  tracheids  are  long,  slender  cells  that  taper  at  both 
ends.  There  are  pores  in  the  tracheids,  but  they  are  mostly 
in  the  end  walls.  The  tracheids  overlap  at  their  tapered 
ends.  Thus  they  also  form  a  continuous  tube  through 
which  water  can  move. 

22-7  Primary  phloem  The  primary  phloem 

(flo'em)  is  a  network  of  tubes  that  carries  food  throughout 
the  leaves,  stems,  branches,  and  roots.  The  cells  that  make 
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FIGURE  22-4 

The  development  of  secondary 

xylem  and  phloem  from  vascular  the  phloem  in  flowering  plants  are  the  sieve  (siv) 

fjgure  tube  elements.  Unlike  the  cells  that  make  up  the  xylem, 

the  sieve  tube  elements  are  still  living  at  maturity,  although 
they  lack  a  nucleus.  The  sieve  tube  elements  have  holes  in 
their  end  walls.  They  develop  end  to  end  and  form  a  long, 
continuous  tube  called  a  sieve  tube. 

Next  to  the  sieve  tube  elements  there  are  living  cells 
called  companion  cells,  all  of  which  have  a  complete 
set  of  organelles.  The  companion  cells  are  connected  to  the 
sieve  tube  elements  in  several  places  and  exchanges  occur 
between  them.  The  companion  cells  probably  assist  the 
sieve  tube  elements  in  their  activities. 

Usually  the  sieve  tube  elements  and  companion  cells  die 
after  one  growing  season.  If  the  seed  plant  lives  for  more 
than  one  year,  new  phloem  tissue  will  be  produced  during 
the  next  season. 

22—8  Epidermis  A  third  primary  tissue  is  that  which 
lines  and  protects  the  outside  of  the  plant,  the  epidermis 
(ep  3  der'mis).  The  epidermis  is  made  up  mostly  of  thin, 
flat  cells.  The  cells  above  the  ground  secrete  a  cuticle 
(kyli'ta  kal),  which  is  a  coating  that  protects  and  water¬ 
proofs  the  plant. 
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Two  bands  of  phloem  tissue,  containing  reddish  areas  and  large,  clear 
cells,  are  visible  in  this  photograph. 
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HGURL  22-5  The  location  of  a  stoma  on  the  underside  of  a  leaf  is 
indicated  in  this  figure. 


321 


Two  small  guard  cells  are  visible 
in  the  center  of  the  photograph 
at  right.  The  guard  cells  control 
the  size  of  the  stoma. 


On  the  leaves,  and  often  on  the  stems,  the  epidermis  also 
has  specialized  cells  called  guard  cells.  The  guard  cells 
enclose  a  pore  through  which  water  evaporates  and  gases 
are  exchanged.  Unlike  the  other  epidermal  cells,  the  guard 
cells  contain  chloroplasts.  The  unit  consisting  of  two  guard 
cells  and  a  pore  is  called  a  stoma  (sto'mo)  (pi.  stomata). 
The  guard  cells  regulate  the  size  of  the  pore  by  expanding 
and  contracting.  This,  in  turn,  mainly  controls  the  rate  of 
water  evaporation,  called  transpiration  (tran 
spo  ra'shon),  from  the  leaves  or  stem. 


CHECK  YOUR  FACTS 


1.  What  are  the  two  growth  regions  of  a  plant  embryo 
called?  Where  are  they  found? 

2.  Name  and  describe  the  three  zones  of  the  root  apical 
meristem. 

3.  What  is  primary  growth?  What  results  from  primary 
growth? 

4.  Where  is  primary  xylem  found?  What  is  its  function? 

5.  What  are  vessel  elements  and  tracheids?  How  do  they 
function? 

6.  What  is  primary  phloem?  What  cell  makes  up  the  pri¬ 
mary  phloem? 

7.  Describe  a  sieve  tube  element.  Is  it  self-sufficient? 

8.  What  are  companion  cells? 

9.  What  is  the  epidermis?  How  does  it  waterproof  the  plant? 

10.  Describe  the  structure  and  function  of  a  stoma. 
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Secondary  Growth 

22—9  The  nature  of  secondary  growth  Some 
plants  continue  to  grow  year  after  year  and  produce 
woody  stems.  As  they  grow  taller  by  primary  growth,  they 
also  increase  the  width  of  their  stems,  branches,  and  roots. 
This  increase  in  width  is  called  secondary  growth. 

Secondary  growth  is  produced  by  lateral  (latbr  ol) 
meristems,  which  are  of  two  types.  One,  the  vascular 
cambium  (vas'kys  lar  karn'be  am),  produces  secondary 
xylem  and  phloem.  These  are  vascular  tissues  like  primary 
xylem  and  phloem.  The  other  lateral  meristem,  called 
cork  cambium,  produces  cork,  a  protective  layer  that 
replaces  the  epidermis  in  the  stems  of  woody  plants. 

22—10  The  vascular  cambium  The  vascular  cam¬ 
bium  is  a  thin  layer  of  cells  between  the  primary  xylem 
and  the  primary  phloem.  It  is  outside  the  xylem  and  inside 
the  phloem.  As  the  cells  of  the  vascular  cambium  divide, 
secondary  xylem  is  produced  on  the  inside  and  secondary 
phloem,  on  the  outside.  However,  more  xylem  is  produced 
than  phloem.  Thus  the  vascular  cambium  is  pushed  farther 
out  from  the  center  of  the  stem.  This  movement  crushes 
and  destroys  the  primary  phloem,  which  is  usually  dead 
and  nonfunctioning  anyhow. 

Over  a  period  of  years,  the  secondary  xylem  becomes 
the  woody  part  of  the  shrub  or  tree.  Usually  the  phloem 
dies  each  season.  The  dead  sieve  tubes  are  crushed  as  the 
stem  grows  wider  in  diameter,  with  only  fibers  of  the 
phloem  remaining.  While  water  may  be  conducted 
through  a  large  part  of  the  xylem,  or  wood,  food  transpor¬ 
tation  occurs  only  in  the  thin  layer  of  living  phloem  near 
the  outside  of  the  stem. 

The  vascular  cambium  also  produces  conducting  tissues 
that  run  horizontally  across  the  stem.  These  horizontal 
conducting  tissues,  called  rays,  radiate  out  from  the  cen¬ 
ter  of  the  stem  like  the  spokes  of  a  wheel. 

22—11  The  cork  cambium  The  cork  cambium  is 
near  the  outside  of  the  stem.  It  produces  cork,  which  is  im¬ 
permeable  to  water  and  gases.  However,  the  cells  under¬ 
neath  the  cork  must  exchange  gases  with  the  air.  This  is 
done  through  small  pores  in  the  cork  called  lenticels 
(len'ta  sels). 

Bark  is  the  total  of  all  the  tissues  that  are  outside  the 
vascular  cambium.  This  includes  the  secondary  phloem,  fi¬ 
bers  from  crushed  phloem,  cork  cambium,  cork,  and  lay¬ 
ers  of  dead  tissue.  Usually  bark  has  two  distinct  layers— the 
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Lenticels,  small  pores  in  the  cork,  permit  underlying  cells  to  exchange 
gases  with  the  atmosphere. 


inner  bark,  which  includes  the  living  tissues,  and  the  outer 
bark,  which  is  made  up  entirely  of  dead  material. 

22—12  Secondary  growth  patterns  '  The  wood  of 
a  tree  is  secondary  xylem  tissue,  produced  by  the  vascular 
cambium.  In  temperate  climates  the  secondary  xylem  is 
produced  only  during  the  growing  season  in  late  spring, 
summer,  and  early  autumn.  However,  growth  of  second¬ 
ary  xylem  usually  follows  two  patterns  through  the  grow¬ 
ing  season.  During  the  spring  and  early  summer,  when 
plenty  of  moisture  is  normally  available,  the  cells  that  make 
up  the  xylem  grow  large.  The  wood  that  is  produced  is 
called  early  wood. 
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During  the  dry  periods  of  late  summer  and  autumn,  the 
xylem  cells  are  much  smaller  and  the  wood  is  called  late 
wood.  Therefore  there  are  two  types  of  secondary  xylem 
produced  during  each  growing  season,  early  wood  and 
late  wood. 

When  a  cross  section  of  a  cut  tree  is  examined,  each  sea¬ 
son’s  growth  is  visible  as  a  series  of  rings.  These  rings  are 
called  annual  (an'yii  al)  rings.  Each  one  has  a  light  sec¬ 
tion,  which  is  the  early  wood,  and  a  dark  section,  which  is 
the  late  wood.  By  counting  the  annual  rings  in  a  cross  sec¬ 
tion,  the  approximate  age  of  a  tree  can  be  determined.  The 
exact  determination  of  age  is  impossible  because  of  false 
rings  that  sometimes  develop  during  an  unusual  growing 
season.  Also,  by  comparing  the  widths  of  each  year’s  early 
and  late  wood,  historical  evidence  of  growing  conditions 
can  be  determined.  By  studying  the  annual  rings  in  very 
old  trees,  indirect  evidence  of  seasonal  variations  in  cli¬ 
mate  can  be  obtained  for  the  past  several  thousand  years. 

22—13  Kinds  of  wood  Most  trees  develop  two  types 
of  wood  as  they  grow  older.  In  the  central  part  of  the  tree 
the  xylem  gradually  becomes  filled  with  pigmented  mate- 


Annual  rings,  formed  by  the 
growth  of  secondary  xylem,  are 
clearly  visible  in  this  photograph 
of  a  birch  stem. 
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rials  that  give  it  a  dark,  reddish  appearance.  This  wood, 
called  heartwood  (hart'wiid),  no  longer  functions  as  a 
conducting  tissue  for  water.  The  remaining  portion  of  the 
wood,  called  sapwood  (sap'wud),  is  much  lighter  in 
color  and  continues  to  conduct  water. 

Throughout  the  years  it  has  become  the  practice  to  use 
the  term  softwood  (soft'wud)  for  the  wood  of  conifer 
trees.  The  term  hardwood  (hard'wud)  is  used  to  de¬ 
scribe  the  wood  of  dicot  trees.  Actually  neither  name  de¬ 
scribes  how  hard  or  how  soft  each  type  of  wood  really  is. 
Hemlock,  which  is  a  softwood,  is  quite  hard.  Balsa  wood, 
which  is  a  hardwood,  is  the  softest  and  lightest  wood 
known. 


CHECK  YOUR  FACTS 

1.  What  is  secondary  growth?  What  produces  it? 

2.  What  is  produced  by  the  two  types  of  lateral  meristems? 

3.  Where  is  the  vascular  cambium  located?  Why  is  it 
pushed  farther  from  the  center  of  the  stem? 

4.  What  is  the  woody  part  of  a  tree?  Are  these  cells  alive? 

5.  Where  does  food  transportation  occur  in  a  tree? 

6.  What  are  rays? 

7.  Where  is  cork  found?  What  is  its  function? 

8.  What  are  lenticels? 

9.  What  is  bark?  How  is  it  divided  into  two  layers? 

10.  How  are  annual  rings  formed? 

11.  Explain  the  difference  between  heartwood  and  sap- 
wood. 


SUMMARY 

The  total  of  all  the  processes  that  transform  a  zy  gote  into  a  ma¬ 
ture  adult  is  called  development.  Cell  division,  cell  growth, 
cellular  differentiation,  and  supracellular  differentiation  are 
the  different  processes  of  development.  The  dormant  plant 
embryo  consists  of  the  cotyledons;  the  epicotyl,  or  immature 
shoot;  the  radicle,  or  immature  root  system;  and  the  hypo- 
cotyl.  Water  and  temperature  usually  are  the  factors  that 
cause  dormancy  to  end  and  development  to  begin— a  stage 
called  germination.  Plants  have  developed  many  different 
adaptations  that  require  other  conditions  before  germination 
can  take  place. 

Primary,  or  lengthwise,  growth  originates  in  the  apical 
meristems  located  in  the  shoot  and  root  tips.  The  primary  tis¬ 
sues  produced  are  primary  xylem,  which  transports  water; 
primary  phloem,  which  transports  food;  and  epidermis, 
which  lines  and  protects  the  plant  and  controls  transpiration. 
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Xylem  tissue  is  made  of  sieve  tubes.  These  are  long  series  of 
connected  sieve  tube  elements. 

Secondary  growth  is  the  widening  of  stems,  roots,  and 
branches.  This  growth  occurs  in  the  lateral  meristems, 
namely  the  vascular  cambium  and  the  cork  cambium.  The 
vascular  cambium  produces  secondary  xylem  and  secondary 
phloem.  It  also  produces  rays  that  fan  out  horizontally  from 
the  center  of  the  stem.  Bark  is  the  total  of  all  the  tissues  that 
are  outside  the  vascular  cambium.  Alternating  periods  of 
moisture  and  dryness  cause  the  wood,  or  dead  xylem,  of  trees 
to  appear  as  rings  of  alternating  light  and  dark  wood.  These 
annual  rings  can  be  used  to  estimate  the  age  of  the  tree  and 
the  climatic  conditions  through  which  it  has  aged.  Wood  that 
can  no  longer  conduct  water  is  heartwood;  the  remaining 
wood  is  sapwood.  Wood  from  conifers  is  called  softwood, 
while  dicot  wood  is  called  hardwood.  Neither  name  reflects 
the  true  degree  of  hardness  of  these  woods. 


REVIEW  QUESTIONS 

1.  List  the  four  types  of  development  processes. 

2.  Distinguish  between  supracellular  and  cellular  differen¬ 
tiation. 

3.  What  regions  of  the  embryo  are  developed  at  the  seed 
stage?  What  will  these  regions  produce? 

4.  What  is  germination?  What  causes  a  seed  to  germinate? 

5.  Describe  apical  meristems.  Where  are  they  located? 

6.  Distinguish  between  primary  and  secondary  growth. 
What  produces  each  type  of  growth? 

7.  Describe  the  structure  and  function  of  xylem  tissue. 

8.  Where  is  phloem  found?  What  function  does  it  serve? 

9.  Discuss  the  relationship  between  sieve  tube  elements 
and  companion  cells.  How  long  do  these  cells  live? 

10.  What  is  the  function  of  the  epidermis?  How  does  it  con¬ 
trol  water  loss  from  the  plant? 

11.  Name  three  products  of  the  vascular  cambium. 


ANALYSIS  AND  APPLICATION 

1.  Describe  the  appearance  of  annual  rings  grown  over  five 
years  of  wet  springs  and  dry  autumns  and  then  five  years 
of  unusually  dry  springs  and  falls. 

2.  When  trees  are  girdled  (a  section  of  the  bark  and  phloem 
removed  completely  around  the  trunk),  the  area  above 
the  cut  continues  to  grow  while  the  area  below  the  cut 
does  not.  The  plant  eventually  dies.  Explain. 

3.  Why  is  it  hard  to  determine  the  age  of  many  tropical  trees 
from  the  annual  rings  they  produce? 
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Hormones 
and  Plant 


Plant  Hormones 

23  —  1  What  are  hormones?  Hormones 

(hor'monz)  are  chemicals  that  are  produced  by  one  tissue 
and  transported  to  other  tissues  where  they  cause  some 
kind  of  response.  They  are  found  in  both  plants  and  ani¬ 
mals.  Their  function  is  to  regulate  or  control  different  body 
activities. 

Hormones  are  normally  produced  in  extremely  small 
quantities.  Sometimes  the  amount  of  hormone  produced 
will  determine  the  kind  of  response  that  is  produced.  One 
quantity  might  stimulate  a  process,  while  another  quantity 
might  inhibit,  or  slow  down,  the  same  process. 

23—2  The  discovery  of  auxins  One  group  of 
plant  hormones  includes  a  variety  of  closely  related  chem¬ 
icals  called  auxins  (ok'sinz).  The  effects  of  auxins  were 
discovered  after  a  famous  experiment  by  Charles  Darwin 
and  his  son.  The  Darwins  were  experimenting  with  seed¬ 
lings.  They  were  trying  to  determine  why  plants  always 
grow  toward  the  light.  This  response  is  called  photot- 
ropism  (fo  tot'ro  piz  am).  In  one  experiment  they  placed 
an  opaque  cap  over  the  top  of  a  seedling  and  found  that  it 
did  not  bend  toward  the  light.  In  a  second  experiment  they 
placed  an  opaque  collar  down  lower  on  the  stem  and 
found  that  that  had  no  effect— the  seedling  grew  toward 
the  light. 

Many  years  later  a  Dutch  botanist,  Fritz  Went,  discovered 
why  the  Darwins’  seedlings  reacted  as  they  did.  He  cut  off 
the  tips  of  oat  seedlings  and  placed  them  on  pieces  of  agar, 
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FIGURE  23-1 

The  experiments  of  Darwin  and 
Went  showed  that  shoot  tips 
produced  a  substance  that 
caused  the  shoot  to  bend  toward 
light. 


which  is  a  gelatinlike  substance.  The  cut  edges  were  left  on 
the  agar  for  about  an  hour.  Then  he  cut  the  agar  into  little 
blocks  and  placed  the  blocks  on  one  side  of  each  of  the  cut 
shoots.  The  shoots  were  kept  in  the  dark,  but  within  an 
hour  they  had  bent  away  from  the  side  on  which  the 
blocks  were  placed. 

Went  concluded  that  hormones  produced  in  the  tip 
caused  the  shoots  to  bend.  But  what  does  light  have  to  do 
with  the  response?  Botanists  and  chemists  eventually  iso¬ 
lated  the  hormones  that  caused  the  phototropic  responses. 
Some  have  also  been  manufactured  synthetically.  These 
hormones,  which  are  related  chemicals,  are  auxins.  We 
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know  now  that  auxins  are  produced  by  the  tip  of  a  plant 
and  that  they  flow  downward.  Their  action  is  to  cause  cells 
to  elongate,  or  grow  longer.  But  light  causes  the  auxins  to 
move  from  the  lighted  side  of  the  plant  to  the  shaded  side. 
The  result  is  that  the  cells  on  the  shaded  side  of  the  plant 
grow  longer  than  those  on  the  lighted  side.  That  causes  the 
plant  to  bend  toward  the  light. 

23—3  Auxins  and  apical  dominance  The  aux¬ 
ins  are  produced  in  the  apical  meristems  of  plants  that 
have  terminal  buds.  The  auxins  cause  cells  in  the  meris- 
tem’s  zone  of  elongation  to  grow  longer.  The  auxins  also 
affect  the  lateral  buds  of  plants.  The  lateral  buds  have  me¬ 
ristems  that  can  develop  into  branches.  But  the  auxins 
from  the  terminal  buds  inhibit  the  growth  of  lateral  buds. 
The  auxins  keep  branches  from  developing,  or  cause  a  de¬ 
crease  in  the  number  that  are  produced.  This  effect  of  aux¬ 
ins  from  the  apical  meristems  is  called  apical  domi¬ 
nance  (dom'a  nans). 

Apical  dominance  can  be  demonstrated  in  many  plants. 
Just  pinch  off  the  terminal  bud  of  a  plant  such  as  Coleus. 
The  lateral  buds  begin  to  grow  rapidly,  and  soon  the  plant 
is  bushier. 

23—4  Other  effects  of  auxins  Auxins  are  pro¬ 
duced  in  leaves  but  they  have  no  apparent  effects  upon  leaf 
growth.  Instead,  they  seem  to  control  the  events  that  result 
in  the  falling  off  of  leaves,  or  abscission  (ab  sizh'an).  De¬ 
creased  auxin  production  causes  a  gradual  weakening  of 
cells  at  the  base  of  the  leaf.  Eventually  the  cells  break  down 
and  the  leaf  falls  off,  or  abscisses. 

Orchard  fruits  also  fall  off,  or  absciss,  from  trees  by  a 
process  similar  to  leaf  abscission.  Sometimes  they  absciss 
before  they  are  ready  to  be  picked.  By  spraying  with  aux¬ 
ins,  the  abscission  can  often  be  delayed  until  the  fruits  are 
ready  for  picking. 

A  synthetic  auxin  called  2,4-D  is  widely  used  as  a  her¬ 
bicide  (her'bs  sld),  which  is  a  chemical  that  kills  plants.  It 
is  sprayed  on  weeds,  and  they  are  stimulated  to  grow  so 
rapidly  that  they  die.  Strangely  2,4-D  affects  broad-leaved 
plants  but  not  grasses.  Therefore  it  is  widely  used  to  kill 
weeds,  such  as  dandelions,  that  invade  grassy  lawns. 

23—5  Ethylene  Ripe  fruits  give  off  ethylene  (eth'a 
len),  which  speeds  up  the  ripening  process  in  unripened 
fruits.  It  is  not  known  exactly  how  the  ethylene  causes 
such  a  response.  Banana  producers  and  shippers  make 
good  use  of  ethylene  in  their  business.  Bananas  are  picked 
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Bananas  are  picked  while  they  are  still  green.  They  are  exposed  to 
ethylene  at  just  the  right  time  to  be  ripe  for  marketing. 


while  they  are  still  green.  As  they  are  being  shipped  they 
are  exposed  to  ethylene  at  just  the  right  time  so  that  they 
will  be  ripe  when  they  arrive  in  the  supermarkets. 

Fruit  producers  also  have  to  worry  about  the  production 
of  ethylene  in  places  where  fruit  is  stored.  Storage  facilities 
have  to  be  carefully  ventilated.  Often  carbon  dioxide  is 
added  to  the  air.  This  gas  counteracts  the  effect  of  ethylene. 

Ethylene  can  also  affect  the  abscission  of  fruits.  Orange 
growers  have  applied  this  discovery  in  their  orchards.  By 
spraying  the  trees  with  a  chemical  that  breaks  down  into 
ethylene,  all  the  fruit  becomes  ready  to  absciss  at  almost 
the  same  time.  That  way  mechanical  pickers,  which  shake 
the  oranges  and  cause  them  to  drop,  can  harvest  the  entire 
crop  at  one  time. 

Ethylene  has  an  interesting  effect  upon  many  flowers— it 
causes  them  to  wilt.  Flowers  should  not  be  put  near  ripe 
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fruit,  especially  apples.  Also  flowers  should  not  be  stored 
in  a  refrigerator  with  ripe  fruit. 

23—6  The  gihberellins  Another  group  of  plant 
hormones  includes  several  closely  related  chemicals  called 
gibberellins  (jib  9  rel'inz).  The  gihberellins  are  growth 
stimulators,  causing  increased  cell  division  and  cell  elonga¬ 
tion.  They  are  very  effective  in  treating  dwarf  plants,  such 
as  the  dwarf  pea  plants  that  Mendel  used  in  his  genetic  ex¬ 
periments.  When  treated  with  gibberellins,  the  dwarf 
plants  grow  to  the  size  of  normal  plants. 

Gibberellins  are  present  in  seeds  of  the  grass  family. 
When  water  is  taken  into  those  seeds,  the  gibberellins  are 
released.  They  stimulate  other  cells  in  the  seed  to  synthe¬ 
size  enzymes.  The  enzymes,  in  turn,  break  down  the  starch 
of  the  endosperm  into  simple  sugars  that  can  be  used  for 
energy  by  the  developing  embryo. 

23—7  Cytokinins  The  cytokinins  (si  to  ki'nins) 
make  up  another  group  of  hormones.  They  stimulate  cell 
division  in  plants.  They  get  their  name  from  cytokinesis 
(si  to  ki  ne'sis),  which  is  one  name  for  cell  division. 

The  cytokinins  have  been  found  in  numerous  plants, 
where  their  role  is  to  stimulate  stem  and  root  growth.  But 
they  also  have  an  interesting  effect  upon  leaves.  They  keep 
leaves  from  aging.  A  drop  of  liquid  containing  a  cytokinin 
placed  on  an  aging,  yellowing  leaf  causes  the  leaf  to  turn 
green.  Cytokinins  have  an  opposite  effect  of  auxins  on 
some  parts  of  a  plant.  For  example,  when  cytokinins  are 
placed  on  lateral  buds,  the  buds  may  start  developing.' 
They  may  develop  even  though  the  terminal  bud  is  present 
and  its  auxins  are  exerting  their  apical  dominance. 


CHECK  YOUR  FACTS 

1.  What  are  hormones?  What  is  their  function? 

2.  What  is  phototropism? 

3.  What  is  the  effect  of  auxins  on  cells  in  the  stem? 

4.  Why  does  a  plant  bend  toward  light? 

5.  Explain  what  is  meant  by  apical  dominance. 

6.  What  is  abscission?  What  seems  to  control  it? 

7.  What  is  a  herbicide?  How  does  2,4-D  work? 

8.  In  what  two  ways  is  ethylene  of  great  use  to  fruit  pro¬ 
ducers? 

9.  What  is  the  general  effect  of  the  gibberellins?  How  do 
they  function  in  grass  seeds? 

10.  What  is  the  general  effect  of  the  cytokinins?  How  do  they 
affect  leaves? 
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Responses  to  the  Environment 

23—8  Growth  responses  We  know  how  animals  re¬ 
spond  to  their  environment.  Most  animals  can  respond  by 
movements,  toward  something  favorable  or  away  from 
something  that  is  unfavorable.  Plants  also  respond  to  their 
environment.  We  have  already  mentioned  how  plants 
grow  toward  light,  a  response  called  phototropism.  This  is 
one  type  of  plant  response,  which  is  caused  by  growth. 
Growth  is  slower  than  animal  movements,  but  it  is  an  ef¬ 
fective  response.  The  growth  response  to  light  enables 
plants  to  place  their  leaves  in  the  sun  and  to  avoid  the 
shade. 

Another  type  of  growth  response  is  the  reaction  of  roots 
to  gravity.  The  radicle  of  a  young  seedling  will  always 
grow  downward,  even  when  it  is  placed  in  different  posi¬ 
tions.  This  growth  response  is  called  a  geotropism  (je 
ot'ra  piz  am).  The  geotrophic  response  guarantees  that 
roots  will  grow  into  the  soil  where  there  is  moisture  and 
essential  minerals.  It  is  as  effective  a  response  for  a  plant  as 
is  the  response  of  an  animal  that  sees  a  stream  and  walks  to 
it  for  a  drink  of  water. 


The  growth  response  of  plant 
roots  to  gravity  is  called 
geotropism.  The  necessary 
moisture  and  minerals  for  these 
sweet  potato  roots  are  in  the  soil. 
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23—9  Photoperiodism  Plants  also  respond  to  vary¬ 
ing  exposures  to  light  and  darkness.  This  kind  of  plant  re¬ 
sponse  is  called  photoperiodism  (fo  to  pir'e  3  diz  am), 
which  means  “time,  or  period,  of  light.” 

One  type  of  photoperiodism  is  the  flowering  response. 
For  example,  ragweed  will  not  produce  flowers  until  the 
days  are  about  14.5  h  long.  Therefore  ragweed  will  not 
grow  at  northern  latitudes,  because  such  short  days  do  not 
occur  until  August.  By  that  time  it  is  too  late  for  the  seeds 
to  mature  before  freezing  temperatures  kill  the  plants. 

Another  example  is  spinach,  which  will  not  grow  near 
the  equator.  Spinach  requires  14  h  of  light  for  a  period  of 
two  weeks  before  it  will  flower.  Fourteen-hour  periods  of 
daylight  will  never  occur  near  the  equator. 

Plants  are  placed  into  three  groups  according  to  their 
flowering  response  to  photoperiods.  “Short-day  plants” 
must  be  exposed  to  a  photoperiod  shorter  than  a  specific 
time  or  they  will  not  flower.  Ragweed,  strawberries,  and 
chrysanthemums  are  examples  of  short-day  plants.  They, 
like  other  short-day  plants,  flower  in  the  early  spring  or 
autumn. 

The  second  group  of  plants  are  the  “long-day  plants.” 
The  long-day  plants  will  only  flower  if  the  photoperiod  is 
longer  than  a  specific  time.  Spinach  is  an  example  of  a 
long-day  plant.  It  must  have  at  least  a  14  h  photoperiod  or 
it  will  not  flower.  Other  long-day  plants  include  lettuce 
and  some  kinds  of  potatoes. 

The  third  group  of  plants  will  flower  without  a  specific 
photoperiod.  They  are  called  “day-neutral  plants.” 

Experiments  have  shown  that  it  is  the  length  of  the  dark 
period  rather  than  the  photoperiod  that  affects  flowering  in 
short-day  plants.  For  example,  the  cocklebur  requires  a 
photoperiod  of  16  h  or  less  before  it  will  flower.  But  in  an 
experiment,  researchers  found  that  a  1  min  exposure  to  a 
25  W  bulb  during  the  dark  period  would  prevent  flower¬ 
ing. 

Other  experiments  have  shown  how  sensitive  some 
plants  are  to  the  time  of  the  photoperiod.  For  example,  the 
long-day  plant  called  henbane  will  flower  if  the  photope¬ 
riods  are  as  long  as  10  h  and  20  min  (at  22.5°C).  It  will  not 
flower  if  the  photoperiods  are  only  10  h  long. 


Poinsettias  and  other  plants  can 
be  made  to  flower  at  desired 
times  of  the  year  by  artificially 
controlling  the  exposure  time  to 
light  and  darkness. 
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23—10  Response  to  touch  Several  kinds  of  plants 
have  mechanisms  that  allow  them  to  respond  when  they 
are  touched.  One  such  plant  is  the  sensitive  plant  Mimosa 
pudica.  It  has  compound  leaves,  each  with  many  leaflets. 
As  soon  as  one  of  the  leaflets  is  touched,  most  or  all  of  the 
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leaflets  on  one  leaf  will  suddenly  droop.  Botanists  are  not 
certain  how  this  adaptation  helps  the  plant  survive.  One 
possibility  is  that  the  sudden  drooping  of  the  leaflets  may 
discourage  grazing  animals  from  eating  the  plant.  A  plant 
with  its  leaflets  drooping  probably  does  not  look  very 
tasty.  Another  possibility  is  that  the  sudden  reaction  might 
scare  oft  hungry  insects  when  they  land  on  the  leaflets. 

Another  plant  that  responds  to  touch  is  Venus’s-flytrap, 
which  is  a  native  of  North  Carolina.  The  leaves  of  this  plant 
can  fold  in  the  middle  as  if  they  were  hinged.  When  an  in¬ 
sect  lands  or  walks  on  a  leaf,  the  leaf  quickly  folds  up  and 
traps  the  victim.  There  are  glands  in  the  leaves  that  secrete 
digestive  enzymes.  As  the  leaves  press  against  the  insect,  it 
is  digested  by  the  enzymes.  Then  the  nutrients  are  ab¬ 
sorbed  and  used  by  the  plants. 

It  is  interesting  that  the  Venus’s-flytrap  leaves  will  not 
fold  up  if  touched  by  something  falling  on  them,  such  as  a 
small  twig.  There  are  three  sensitive  hairs  on  a  leaf.  In  or¬ 
der  for  the  triggering  response  to  occur,  two  or  three  of 
them  have  to  be  touched,  one  after  the  other.  Or,  one  hair 
has  to  be  touched  twice.  The  sensitive  hairs  are  not  likely 
to  be  touched  in  either  way  unless  some  living  thing  is 
moving  over  the  surface  of  the  leaf. 


The  modified  leaves  of  the  Venus’s-flytrap  respond  to  the  touch  of  an 
insect  by  closing.  In  this  way  the  plant  obtains  its  dinner. 
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CHECK  YOUR  FACTS 


1.  Describe  geotropism.  How  does  it  help  the  plant  survive? 

2.  What  is  photoperiodism? 

3.  What  are  short-day  plants?  Give  an  example. 

4.  What  are  long-day  plants? 

5.  What  is  the  factor  that  determines  whether  a  short-day 
plant  will  flower? 

6.  Describe  the  response  to  touch  of  Mimosa  pudica.  How 
might  this  benefit  the  plant? 

7.  How  are  the  leaves  of  a  Venus’s-flytrap  triggered?  Why  is 
this  mechanism  beneficial? 


SUMMARY 


Hormones  are  chemicals  that  regulate  certain  activities  in  or¬ 
ganisms.  They  are  produced,  usually  in  very  small  quantities, 
in  one  tissue  and  are  transported  to  other  tissues  where  they 
cause  some  type  of  response.  A  major  group  of  plant  hor¬ 
mones  includes  the  auxins.  Auxins  control  phototropism  by 
causing  certain  cells  in  the  stem  to  elongate.  The  gibberellins 
are  plant  hormones  that  function  as  growth  stimulators. 


REVIEW  QUESTIONS 


1.  What  are  hormones?  Why  might  the  quantity  of  a  hor¬ 
mone  be  important  to  its  function? 

2.  What  are  four  ways  that  auxins  are  known  to  affect  plants? 

3.  What  is  apical  dominance?  How  can  this  effect  be 
countered? 

4.  How  is  ethylene  used  by  banana  shippers?  By  orange 
growers? 

5.  How  do  the  gibberellins  affect  plant  cells?  How  do  they 
affect  dwarf  plants? 

6.  Compare  the  actions  of  auxins  and  cytokinins  on  lateral 
buds. 

7.  List  four  types  of  plant  responses.  To  what  is  each 
responding? 

8.  Why  can’t  spinach  grow  near  the  equator? 

9.  Why  won’t  ragweed,  a  short-day  plant,  survive  in  north¬ 
ern  latitudes? 


ANALYSIS  AND  APPLICATION 

1.  Would  you  expect  a  cocklebur  plant  to  flower  in  the  vicin¬ 
ity  of  a  streetlight?  Explain. 

2.  How  is  our  knowledge  of  photoperiodism  of  economical 
value  to  florists? 
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Transport 


in  Plants 


24—1  The  transport  functions  Water  moves  up 
the  stem  from  the  roots  to  the  leaves  in  every  vascular 
plant.  In  addition,  in  every  vascular  plant,  food  moves 
downward  from  the  leaves  where  it  is  manufactured  to 
other  cells  that  cannot  make  food.  These  two  patterns  of 
movement  of  water  and  food  within  vascular  plants  are 
called  the  transport  functions.  In  this  chapter  we  shall  dis¬ 
cuss  both  transport  functions. 

24—2  The  nature  of  water  The  basic  nature  of  wa¬ 
ter  was  discussed  in  Chapter  3.  We  shall  review  some  of 
that  material  and  introduce  some  new  facts  that  will  help 
you  understand  the  water-transport  mechanism  in  plants. 

In  Chapter  3  we  explained  that  the  water  molecules  are 
polar.  They  have  regions  with  unlike  poles.  The  unlike 
poles  of  the  water  molecules  attract  each  other,  creating  a 
force  within  the  water  called  cohesion.  The  poles  of  the 
water  molecules  often  attract  other  substances.  This  attrac¬ 
tion  between  two  unlike  substances  is  called  adhesion 
(ad  he'zhsn).  Cohesion  and  adhesion  are  forces  that  oper¬ 
ate  in  the  transport  of  water  in  plants. 

24—3  Transpiration  In  general,  vascular  plants 
take  in  much  more  water  than  they  need.  For  example,  an 
actively  growing  corn  plant  uses  only  about  2  percent  of 
the  water  that  it  takes  in  through  its  roots.  The  other  98 
percent  is  lost  by  transpiration  (tran  sp3  ra'shan). 
Transpiration  is  the  loss  of  water  mainly  through  the  sto¬ 
mata,  or  pores,  in  the  leaves.  The  water  escapes  from  the 
leaves  as  water  vapor,  an  invisible  gas.  As  you  will  see, 


339 


Water  has  condensed  on  the 
plastic  covering  around  this  plant 
as  a  result  of  transpiration 
through  the  stomata  on  the 
leaves. 


transpiration  is  an  essential  proeess  in  the  transport  of  wa¬ 
ter  through  the  plant. 


24—4  The  cohesion-tension  theory  One  of  the 

mysteries  of  plant  transport  was  how  water  could  move 
from  the  roots  to  the  top  of  tall  plants  such  as  trees.  Several 
explanations  have  been  proposed  over  the  past  years,  but 
one,  called  the  cohesion-tension  theory,  is  now 
widely  accepted. 

According  to  the  cohesion-tension  theory,  there  is  a 
solid  column  of  water  in  the  tubes  in  xylem  tissue.  This 
column  of  water  extends  from  the  leaves  to  the  roots  and  is 
held  together  by  cohesion— the  attraction  between  water 
molecules.  Adhesion  also  plays  a  role  because  the  water  is 
attracted  to  the  cellulose  walls  of  the  leaf  cells  and  to  the 
walls  of  the  xylem  tubes.  Adhesion  helps  keep  the  columns 
of  water  from  settling. 

Picture  a  very  thin,  tall  column  of  water  that  stretches 
from  the  cells  of  a  leaf  all  the  way  down  through  a  xylem 
tube  to  the  roots  of  a  tree.  Now  picture  what  happens  I 
when  some  of  the  water  is  lost  from  the  leaf  by  tran¬ 
spiration.  The  loss  of  the  water  creates  a  negative  pressure  , 
in  the  leaf.  This  negative  pressure  is  sometimes  called 
“transpiration  pull”.  Transpiration  pull  exerts  a  force  to 
pull  the  column  of  water  up  to  replace  that  which  is  lost. 

In  turn,  this  creates  a  negative  pressure  in  the  bottom  of 
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the  roots,  which  causes  water  to  flow  inward  and  become 
a  part  of  the  water  column.  Thus,  as  water  is  lost  by  tran¬ 
spiration  there  is  a  constant  movement  of  the  water  col¬ 
umn  upward,  and  more  water  enters  the  roots  from  the 
soil.  If  transpiration  is  rapid,  the  movement  of  water  up¬ 
ward  through  the  plant  will  also  be  rapid.  In  some  rapidly 
transpiring  plants,  the  speed  of  the  water  movement  may 
be  as  high  as  40  m/h. 

24—5  The  root  system  and  root  hairs  Most  vas¬ 
cular  plants  have  a  large  underground  system  of  roots  with 
many  branches.  Most  of  the  root  system  functions  to  an¬ 
chor  the  plant  and  to  transport  water  toward  the  stem.  It  is 
mainly  the  younger  roots— the  new  growth  at  the  end  of 
the  roots— that  actually  absorb  the  water  from  the  soil.  For 
this  reason,  if  you  want  to  water  a  tree,  place  the  sprinkler 
or  hose  away  from  the  trunk  and  under  the  outside  leaves. 
That  is  usually  where  new  root  growth  is  occurring. 

In  the  new  root  growth  some  of  the  cells  of  the  epi¬ 
dermis  grow  hairlike  extensions.  These  hairlike  extensions 
of  the  epidermal  cells  are  called  root  hairs.  Most  water  is 
absorbed  through  the  root  hairs.  There  are  billions  of  root 
hairs  on  most  root  systems,  which  greatly  increase  the 
amount  of  surface  area  that  is  available  for  absorbing 
water. 


Numerous  root  hairs  on  this 
radish  root  are  clearly  visible. 
Root  hairs  greatly  increase  the 
surface  area  available  for  water 
absorption. 


24—6  The  flow  of  water  into  the  roots  Why  does 
water  flow  from  the  soil  into  the  root  hairs  and  not  in  the 
other  direction?  To  answer  this  question,  we  must  review 
the  process  of  osmosis.  Osmosis  is  the  diffusion  of  water 


A  properly  watered  plant  (left) 
has  turgor,  resulting  from  the 
internal  water  pressure.  Lack  of 
water  causes  the  plant  to  lose 
turgor  and  wilt  (right). 
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FIGURE  24-1 

At  the  cellular  level,  insufficient 
water  leads  to  plasmolysis.  The 
plasma  membrane  shrinks  away 
from  the  rigid  cell  wall. 


through  a  semipermeable  membrane,  such  as  the  plasma 
membrane  that  surrounds  cells.  The  direction  of  osmosis 
depends  upon  the  concentrations  of  water  on  each  side  of 
the  membrane.  Osmosis  will  occur  along  a  concentration 
gradient  from  a  high  concentration  of  water  to  a  lower 
concentration  of  water.  Normally  there  is  a  greater  concen¬ 
tration  of  water  outside  the  root  hair  than  on  the  inside. 
Therefore  the  concentration  gradient  is  toward  the  inside 
of  the  root  hair,  and  osmosis  causes  water  to  diffuse  in¬ 
ward,  from  the  soil  to  the  inside  of  the  root  hair.  From  in¬ 
side  the  root  hair,  the  water  continues  to  diffuse  into  the 
xylem  where  it  will  be  transported  upward. 

The  direction  of  osmosis  may  not  always  be  toward  the 
inside  of  the  root  hair.  If  some  chemical,  such  as  salt,  is  dis¬ 
solved  in  water  outside  the  root  hair,  the  water  concentra¬ 
tion  gradient  develops  in  the  opposite  direction.  If  this  oc¬ 
curs,  osmosis  will  diffuse  water  outward,  from  the  roots  to 
the  outside  of  the  plant.  This  drains  water  from  the  plant 
and  explains  how  placing  salt  on  plants  can  kill  them.  It 
also  explains  why  too  much  fertilizer  may  “burn”  plants, 
or  cause  them  to  dry  up  and  die.  The  fertilizer  acts  like  a 
salt  solution  and  reverses  the  normal  direction  of  osmosis, 
causing  the  plants  to  lose  their  internal  water. 

24—7  Turgor  and  plasmolysis  The  concentra¬ 
tion  of  water  is  always  greater  outside  cells  than  inside 
them.  Therefore  the  concentration  gradient  of  water  is  nor¬ 
mally  toward  the  inside  of  the  plant  cell.  Question:  If  the 
concentration  gradient  is  always  toward  the  inside  of  plant 
cells,  why  don’t  they  swell  up  and  explode  like  an  over¬ 
filled  balloon?  Answer:  They  would  if  it  were  not  for  the 
rigid  cell  wall  that  surrounds  them.  The  cell  wall  is  like  a 
protective  box  that  keeps  the  plasma  membrane  from  ex¬ 
panding  and  breaking. 

The  pressure  of  water  that  results  from  osmosis  is  called 
turgor  (ter 'gar).  Turgor  is  the  pressure  that  keeps 
small  plants  without  woody  tissue  rigid  and  upright.  A 
plant  that  is  healthy  has  turgor;  it  stands  erect  and  its  leaves 
extend  out  in  a  horizontal  direction.  But  turgor  depends 
upon  a  vascular  system  that  is  full  of  water.  If  a  plant  does 
not  take  in  enough  water  into  its  vascular  system,  it  loses 
turgor.  The  stem  and  leaves  then  droop.  We  say  that  the 
plant  and  leaves  wilt. 

At  the  cellular  level  the  loss  of  turgor  is  called  plas¬ 
molysis  (plaz  mol's  sis).  During  plasmolysis  the  cell  ac¬ 
tually  shrinks  like  a  balloon  that  is  losing  air.  The  shrink¬ 
age  can  be  observed  in  the  microscope  as  the  plasma 
membrane  shrinks  away  from  the  cell  wall. 
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cohesion 

adhesion 

transpiration 

cohesion-tension  theory 

root  hairs 

osmosis 

turgor 

plasmolysis 

guttation 

translocation 

mass  flow  theory 


The  droplets  of  water  on  the 
edges  of  these  leaves  were 
forced  out  of  the  plant  as  a  result 
of  high  osmotic  pressure  in  the 
roots.  This  process  is  called 
guttation. 


24—8  Guttation  Sometimes,  usually  during  the 
night,  the  rate  of  transpiration  from  a  plant  will  slow  down 
quite  drastically.  But  in  small  plants  the  osmotic  pressure 
in  the  roots  may  continue  to  be  quite  high  because  of  a 
steep  concentration  gradient.  This  pressure  in  the  roots 
may  become  so  great  that  in  the  upper  part  of  the  plant, 
water  will  be  actually  forced  out  through  the  tips  and 
edges  of  the  leaves.  Such  a  process  is  called  guttation 
(gu  ta'shsn).  The  water  of  guttation  will  often  cling  to  the 
edges  of  the  leaves.  Since  guttation  normally  occurs  at 
night,  the  water  on  the  leaves  is  often  incorrectly  identified 
as  dew. 

24-9  The  transport  of  food  Food  moves  through 
the  phloem  in  leaves,  stems,  and  roots  of  vascular  plants. 
The  food  moves  from  cells  that  carry  on  photosynthesis  to 
cells  that  cannot  carry  on  that  process.  The  food  flows  to 
active,  living  cells  that  require  it,  and  the  process  is  called 
translocation  (trans  lo  ka'shsn). 
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FIGURE  24-2  Removing  the  outer  layers  of  tissue  from  a  tree,  including 
the  phloem,  is  called  girdling.  The  portion  of  the  tree  above  the  stripped 
area  will  grow  for  a  time.  The  section  below  this  area  will  quickly  die. 


The  food  that  is  translocated  is  mostly  a  water  solution  of 
sucrose,  which  is  a  disaccharide,  or  double  sugar.  But  also 
in  the  solution  are  amino  acids  and  other  nitrogen  com¬ 
pounds  that  are  needed  by  cells. 

24—10  How  does  translocation  occur?  Unlike 
water  transport  in  plants,  there  is  no  single  widely  ac¬ 
cepted  theory  to  explain  how  translocation  occurs.  The 
best  one  at  the  moment— the  one  with  the  best  experimen¬ 
tal  data  to  support  it— is  the  mass  flow  theory. 

According  to  the  mass  flow  theory,  the  solution  of  food 
moves  because  of  water  pressure  that  is  created  near  the 
cells  that  manufacture  sugar.  Here  is  a  simplified  explana¬ 
tion  of  how  that  pressure  is  created.  Sugar  that  is  manufac¬ 
tured  during  photosynthesis  is  moved  from  the  cells  that 
make  it  into  the  sieve  tube  cells,  which  make  up  the 
phloem.  The  sugar  moves  against  a  concentration  gradient 
by  active  transport,  a  transport  mechanism  that  requires 
energy.  When  the  concentration  of  sugar  is  greater  in  the 
sieve  tubes  than  in  the  surrounding  cells,  a  concentration 
gradient  of  water  develops  toward  the  sieve  tube.  There- , 
fore  osmosis  causes  water  to  flow  into  the  sieve  tube,  creat-  i 
ing  pressure  that  forces  the  sugar-water  solution  down 
through  the  phloem. 

The  rate  of  translocation  is  much  slower  than  the  rate  of 
water  transport.  However,  the  rate  of  translocation  is 
much  faster  than  it  could  occur  if  mass  flow  were  the  only  j 
mechanism  involved.  For  this  reason  many  botanists  are 
still  looking  for  other  mechanisms  that  may  be  involved  in 
the  translocation  process. 
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CHECK  YOUR  FACTS 


1.  What  are  the  two  patterns  of  transport  functions  in  plants? 

2.  What  is  transpiration?  Where  does  most  of  it  occur? 

3.  Distinguish  between  cohesion  and  adhesion.  How  do  they 
work  together  in  the  xylem  tissue? 

4.  How  does  the  cohesion-tension  theory  explain  water 
transport  in  plants? 

5.  Why  does  water  move  from  the  soil  into  the  roots?  By 
what  process  is  this  accomplished? 


SUMMARY 

Every  vascular  plant  transports  water  upward  from  the  roots 
and  food  downward  from  the  photosynthetic  cells  of  the 
leaves.  These  patterns  of  movement  are  called  transport  func¬ 
tions.  The  cohesion-tension  theory  explains  how  water  is 
transported  through  the  xylem  against  the  force  of  gravity. 
The  theory  states  that  a  continuous  column  of  water  between 
the  roots  and  the  leaves  is  maintained  by  cohesion  and  adhe¬ 
sion.  Water  loss  in  the  leaves  forces  the  column  to  rise,  re¬ 
placing  the  lost  water  and  allowing  more  water  to  enter  the 
roots. 


REVIEW  QUESTIONS 

1.  Do  all  roots  absorb  water?  Explain. 

2.  Describe  root  hairs  and  their  function. 

3.  Why  doesn’t  the  concentration  gradient  of  water  in  plant 
cells  cause  the  plasma  membranes  to  burst? 

4.  What  is  turgor?  What  is  needed  to  maintain  it? 

5.  What  is  plasmolysis?  How  is  it  related  to  wilting? 

6.  What  is  guttation?  Would  you  expect  to  find  guttation 
and  plasmolysis  in  the  same  plant?  Explain. 

7.  Why  does  guttation  normally  occur  at  night? 

8.  What  is  translocation?  What  is  transported? 

9.  According  to  the  mass  flow  theory,  what  causes  food  to 
move? 

10.  Explain  how  the  force  in  the  question  above  is  pro¬ 
duced. 


ANALYSIS  AND  APPLICATION _ 

1.  Why  would  pouring  a  salt  solution  in  the  soil  surrounding 
a  plant  cause  it  to  wilt  and  then  die? 

2.  Which  transport  process  would  be  affected  by  porcupines 
that  often  eat  the  bark  and  soft  outer  layers  from  the  top  of 
pine  trees? 
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UNIT  4  REVIEW 


1.  What  are  the  general  characteristics  of  bryophytes? 

2.  Discuss  alternation  of  generations  in  a  typical  moss 
plant.  Include  a  sketch  of  the  moss  life  cycle. 

3.  Describe  two  additional  methods  of  asexual  reproduc¬ 
tion  found  in  moss  plants. 

4.  Prepare  a  report  on  the  dominant  horsetails  and  lyco- 
pods  from  the  Paleozoic  Era. 

5.  During  the  spring  and  fall  find  several  different  kinds  of 
ferns.  Identify  them  using  a  field  guide. 

6.  What  is  the  difference  between  gymnosperms  and 
angiosperms? 

7.  Many  conifers  are  important  to  humans  because  of  the 
products  they  supply.  Prepare  a  report  on  the  use  of 
conifers  by  humans,  including  the  most  important  types 
and  the  products  produced  from  them. 

8.  Prepare  a  labeled  diagram  of  the  structures  of  a  typical 
flower. 

9.  Discuss  some  of  the  methods  used  for  seed  dispersal. 
Why  would  adequate  seed  dispersal  be  advantageous  for 
a  plant  species? 

10.  With  your  teacher’s  help,  grow  seeds  of  a  particular  spe¬ 
cies  in  several  different  media,  such  as  soil  and  water. 
Prepare  a  report  on  the  seeds’  growth  and  the  relative 
effectiveness  of  the  media  used  in  the  experiment. 

11.  With  the  permission  and  supervision  of  your  teacher, 
examine  slides  of  roots  and  stems  of  various  plants  from 
the  school’s  collection.  Sketch  the  material  and  label  all 
tissues  that  you  can  identify. 

12.  Explain  the  relationship  between  auxins  and  apical 
dominance. 

13.  The  flowering  response  of  many  plants  apparently  de¬ 
pends  on  a  particular  length  of  darkness-time.  Research 
the  topic  of  photoperiodism  and  report  on  the  most 
likely  theory  as  to  how  the  length  of  darkness-time  af¬ 
fects  flowering. 

14.  How  does  the  cohesion-tension  theory  explain  the  up¬ 
ward  flow  of  water  in  plants? 

15.  There  are  several  different  types  of  root  systems  in 
plants.  Find  out  about  the  various  types  of  root  systems. 
Include  in  your  report  examples  of  plants  having  the 
various  types  of  root  systems. 
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NIMALS 


M  WITHOUT 


BACKBONES 


The  invertebrate  animals  are  those 
without  vertebrae,  or  a  backbone.  This 
group  includes  animals  with  a  variety 
of  characteristics.  Some,  like  the 
sponges,  are  not  much  more  than 
groups  of  independent  cells  stuck 
together  in  a  mass.  Others,  like  the 
giant  squid,  have  a  body  far  larger  than 
a  human  and  an  eye  that  almost  rivals 
our  own.  But  it  is  in  numbers  that  the 
invertebrates  reign  supreme.  There  are 
far  more  different  kinds  of 
invertebrates  than  there  are  of  all  the 
other  animals  and  plants  put  together. 


Animals 


Introduction  to  the  Study  of  Animals 

25—1  Characteristics  of  animals  Animals  have 
at  least  four  characteristics  that  make  them  different  from 
other  organisms.  One  major  difference  can  be  observed  in¬ 
side  the  animal  body.  The  cells  that  make  up  the  animal 
body  do  not  have  a  cell  wall  of  cellulose  like  that  found 
around  plant  cells  and  the  cells  of  many  protists.  In  most 
animal  cells  the  plasma  membrane  is  exposed  directly  to 
the  outside  environment. 

A  second  unique  characteristic  of  most  animals  is  that 
they  reach  a  stage  called  adulthood.  At  this  time  they  stop 
growing.  Plants,  on  the  other  hand,  continue  to  grow 
throughout  most  of  their  lifetime. 

A  third  major  characteristic  of  animals  is  an  ability  called 
locomotion  (lo  ks  mo'shan).  Locomotion  is  the  ability 
most  animals  have  to  move  from  one  place  to  another.  Ani¬ 
mal  locomotion  is  made  possible  by  special  muscle  cells 
that  have  the  ability  to  contract,  or  get  smaller.  Animals 
that  are  capable  of  locomotion  can  react  to  their  environ¬ 
ment  by  swimming,  running,  or  even  flying.  The  rooted 
plant  must  remain  and  take  what  the  environment  offers. 

A  fourth  major  characteristic  of  animals  is  their  depen¬ 
dency  on  other  organisms  for  food.  Animals  cannot  make 
their  food  as  plants  and  many  protists  can.  Most  animals  eat 
plants  or  other  animals. 

25—2  Kinds  of  animals  The  study  of  animals  is 
the  science  called  zoology  (zo  ol's  je).  Scientists  who 
study  animals  are  called  zoologists  (zo  ol'a  jists).  One 
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SCIENCE  TERMS 


locomotion 

zoology 

zoologists 

kingdom 

kingdom  Animalia 

phylum 

symmetry 

radial  symmetry 

bilateral  symmetry 

anterior 

posterior 

dorsal 

ventral 

medial 

lateral 

appendages 

distal 

proximal 


important  job  of  the  zoologist  is  to  discover  and  identify  all 
the  different  kinds  of  animals  that  live  on  the  earth.  That 
task  is  still  incomplete.  Also  there  is  no  single  library  or 
museum  catalog  that  has  a  record  of  all  the  animals  that 
have  been  discovered  and  named.  Therefore  zoologists  can 
only  estimate  that  about  1  100  000  different  kinds  of  ani¬ 
mals  have  been  found  and  identified.  Of  these  1  100  000 
animals,  about  80  percent— or  8  out  of  every  10— are  in¬ 
sects. 

Another  job  of  the  zoologist  is  to  classify  animals  and  or¬ 
ganize  them  into  groups.  The  largest  group  is  called  the 
kingdom  and  includes  all  the  animals.  The  correct  name 
for  this  group  is  kingdom  Animalia. 

The  next  group  below  the  level  of  the  kingdom  is  called 
the  phylum  (pi.  phyla).  Many  zoologists  group  the  ani¬ 
mals  in  kingdom  Animalia  into  27  different  phyla.  How¬ 
ever,  only  9  of  the  animal  phyla  are  really  important  in  an 
introductory  study  of  animals.  The  9  phyla  that  will  be  dis¬ 
cussed  in  this  chapter  and  in  others  that  follow  contain 
about  99  percent  of  all  the  different  animals. 


FIGURE  25-1 

Approximately  80  percent  of  all  the  known  species  of  animals  are  insects. 
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FIGURE  25-2 

A  starfish  has  radial  symmetry.  A 
flatworm,  such  as  a  planarian,  has 
bilateral  symmetry.  What  type  of 
symmetry  do  humans  have? 


25—3  Symmetry  and  the  animal  body  Most  ani¬ 
mal  bodies  have  symmetry  (sim's  tre),  which  means  that 
a  cut  along  a  central  plane  would  divide  the  body  into  two 
equal  halves.  However,  there  are  two  types  of  symmetry, 
and  an  animal  will  have  one  or  the  other. 

One  type  of  symmetry  is  called  radial  (ra'de  si)  sym¬ 
metry.  An  animal  with  radial  symmetry  has  the  same 
symmetry  as  a  pie.  A  cut  anywhere  through  the  middle  of  a 
pie  results  in  two  equal  halves.  A  cut  anywhere  through 
the  middle  of  an  animal  with  radial  symmetry  would  result 
in  an  animal  divided  into  two  equal  halves.  Animals  with 
radial  symmetry  are  often  attached  to  one  place  in  their  en¬ 
vironment.  An  example  is  the  sea  anemone. 

Most  animals  have  a  type  of  symmetry  called  bilateral 
(bldat  sr  si)  symmetry.  To  obtain  two  equal  halves  of  an 
animal  with  bilateral  symmetry,  the  cut  could  be  made  in 
only  one  place.  The  flatworm  is  an  example  of  an  animal 
with  bilateral  symmetry. 

Animals  with  bilateral  symmetry  usually  have  a  concen¬ 
tration  of  nerve  tissue  at  one  end  of  their  body.  This  is  the 
front,  or  head  end,  which  must  meet  and  respond  to  chal¬ 
lenges  of  the  environment. 

25-4  Terms  to  describe  regions  of  the  animal 

body  Zoologists  use  specific  terms  to  describe  different 
regions  of  the  animal  body.  For  example,  the  head  end,  or 
front  end,  of  the  animal  body  is  called  the  anterior  (an 
tir'e  sr)  region.  The  opposite  end,  or  tail  end,  is  called  the 
posterior  (pos  tir'e  sr)  region. 

The  top  of  an  animal  is  called  the  dorsal  (dor'ssl)  re¬ 
gion.  The  belly,  or  underside,  is  called  the  ventral 
(ven'trsl)  region. 

The  midline  of  the  animal  body,  which  is  the  line  that 
would  divide  the  animal  into  two  equal  halves,  is  the  me¬ 
dial  (me'de  si)  region.  The  sides  of  the  animal  body  are 
called  the  lateral  (lat'sr  si)  regions. 
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Most  animal  bodies  have  parts  that  extend  outward  from 
the  main  body— parts  such  as  tentacles,  wings,  fins,  or  legs. 
Such  extensions  of  the  animal  body  are  called  append¬ 
ages  (3  pen'di  jz). 

Two  other  terms  are  often  used  to  describe  the  relative 
distance  of  some  body  structure  from  a  reference  point. 
Distal  (dis'Ol)  is  used  to  describe  a  region  that  is  farther 
from  a  reference  point.  Proximal  (prok'ss  mal)  is  used  to 
describe  a  region  that  is  closer  to  a  reference  point.  For  ex¬ 
ample,  your  fingers  are  more  distal  from  your  body  than 
your  elbow  is.  Or,  saying  it  another  way,  your  elbow  is 
more  proximal  to  your  body  than  your  fingers  are. 


CHECK  YOUR  FACTS 


1.  Name  four  major  differences  between  animals  and  other 
forms  of  life. 

2.  What  are  zoologists? 

3.  How  many  kinds  of  animals  are  known? 

4.  What  is  the  next  subunit  below  the  kingdom?  How  many 
of  these  does  kingdom  Animalia  contain? 

5.  What  is  radial  symmetry? 

6.  What  is  bilateral  symmetry? 

Phylum  Porifera 

25—5  General  characteristics  All  members  of  the 
phylum  Porifera  are  called  sponges.  Sponges  are  strictly 
aquatic  animals.  Most  of  them  live  in  marine  waters.  Only  a 
few  kinds  live  in  freshwater  ponds,  lakes,  and  streams. 

The  sponges  are  called  invertebrate  (in  ver'ta  brit) 
animals  because  they  do  not  have  a  backbone.  More  than 
99  percent  of  all  animals  are  invertebrates. 


Pores  are  clearly  visible  in  this 
photograph  of  a  crimson 
sponge.  The  pores  permit  water, 
carrying  food  and  oxygen,  to 
reach  all  body  cells. 
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FLAGELLUM 


FIGURE  25-3 

The  general  body  plan  of  a  typical 

All  sponges  are  sessile  (ses'al)  animals,  which  means  sponge  is  illustrated  in  this  figure, 
that  they  are  permanently  attached  in  one  place.  For  many 
years  sponges  were  thought  to  be  plants  because  of  this 
characteristic.  In  marine  waters  sponges  are  found  in  both 
shallow  and  deep  water.  Usually  they  are  attached  to  rocks 
and  other  solid  objects.  Many  are  brown  or  gray  in  color, 
but  some  are  bright  orange  or  red.  Freshwater  sponges  are 
usually  found  attached  to  underwater  sticks  and  logs. 

Freshwater  sponges  often  have  a  green  color  caused  by  al¬ 
gae  growing  inside  their  body.  The  algae  probably  contrib¬ 
ute  food  to  the  cells  of  the  sponge. 

25—6  General  body  structure  A  sponge  has  the 
simplest  body  structure  of  all  the  animals.  It  has  no  sys¬ 
tems,  organs,  or  tissues.  However,  some  cell  groups  func¬ 
tion  somewhat  like  teams.  Zoologists  consider  such  cell 
groups  as  the  probable  forerunners  of  tissues,  which  are 
found  in  all  other  animals. 

The  phylum  name  Porifera  means  “pore-bearing  ani¬ 
mal.”  That  is  a  good  name  because  the  body  of  a  sponge  is 
full  of  holes,  or  pores.  The  pores  are  linked  to  canals,  and 
the  canals  form  a  network  throughout  the  sponge.  Water 
constantly  circulates  throughout  the  canals  in  the  sponge 
body.  The  water  carries  food  and  oxygen  to  the  body  cells 
and  waste  materials  away  from  them. 

Sponges  have  various  shapes.  Some  have  radial  symme¬ 
try  and  look  like  flower  vases.  Others  are  irregularly 
shaped,  and  some  have  branches  that  extend  from  their 
body.  Some  sponges  grow  singly,  but  others  form  colo¬ 
nies.  A  colony  (kol'a  ne)  is  a  group  of  individuals  that  are 
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FIGURE  25-4 

The  whiplike  activity  of  the 
flagella  of  numerous  collar  cells 
sets  up  a  strong  current  that 
draws  water  through  the  body  of 
the  sponge. 


either  attached  to  each  other  or  are  growing  very  close  to¬ 
gether. 

The  body  of  a  sponge  consists  of  three  layers.  The  outer 
layer  is  made  up  of  flattened  cells  that  form  a  lining  over 
the  outside  surface.  The  innermost  layer  forms  a  lining  of 
pores,  canals,  and  other  cavities  inside  the  body.  The 
middle  layer  of  the  sponge  contains  a  gelatinlike  material 
and  wandering  cells  that  are  amoebalike  and  are  called 
amoebocytes  (a  me'ba  sltz).  One  function  of  the  amoe- 
bocytes  is  to  manufacture  the  sponge  skeleton.  The  skele¬ 
ton  provides  support  inside  the  sponge  body. 

25—7  The  sponge  skeleton  There  are  three  types 
of  skeletal  materials  that  are  found  in  sponges.  One  mate¬ 
rial  is  calcium  carbonate,  which  is  a  chalklike  material 
such  as  that  found  in  the  shells  of  snails  and  clams.  The  cal¬ 
cium  carbonate  is  formed  into  small,  sharp  spikes  called 
spicules  (spik'yiilz).  The  second  type  of  skeletal  mate¬ 
rials  is  silica  (sil'a  ks),  a  glasslike  substance.  The  silica 
also  is  formed  into  sharp  spicules.  Many  sponges  with  spic¬ 
ule  skeletons  have  the  sharp  points  of  the  spicules  sticking 
out  from  their  body.  The  sharp  spicules  help  protect  the 
animals  from  predators. 

The  third  type  of  skeletal  material  is  a  protein  fibrous 
material  called  spongin  (spun'jin).  The  true  “bath 
sponge”  that  is  used  for  cleaning  purposes  is  a  spongin 
skeleton.  In  the  preparation  of  bath  sponges  the  live  ani¬ 
mals  are  beaten  to  break  up  the  cell  masses,  then  left  in 
shallow  water  for  the  cells  to  decompose.  Then  they  are 
bleached  and  washed,  leaving  the  spongin  skeleton  with 
its  millions  of  holes  and  canals  that  can  soak  up  large 
amounts  of  water. 

2 5—8  Feeding  and  digestion  The  sponge  is  a  fil¬ 
ter  feeder  (fil'tsr  fe'dar),  which  is  an  animal  that  filters 
small  particles  of  food  out  of  the  water  that  passes  through 
its  body.  Like  most  filter  feeders,  the  sponge  has  a  way  of 
greatly  increasing  the  flow  of  water  through  its  body.  The 
sponge  creates  currents  with  special  cells,  called  collar 
(kol'ar)  cells,  that  line  the  interior  of  its  body. 

Each  collar  cell  has  a  flagellum  that  whips  back  and  forth 
and  creates  a  whirlpoollike  current.  The  combined  action 
of  all  the  collar  cells  in  the  sponge  creates  a  strong  current 
that  draws  water  through  the  sponge  body. 

The  actual  collar  of  the  collar  cell  is  made  up  of  a  num¬ 
ber  of  fingerlike  extensions.  Together  those  fingerlike  ex¬ 
tensions  act  like  a  funnel.  Small  food  particles,  such  as  bac¬ 
teria,  are  funneled  down  inside  the  collar  by  the  whirlpool 
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created  by  the  flagellum.  There  they  catch  on  the  inside, 
sticky  surface  of  the  collar.  Then  the  food  particles  are  en¬ 
gulfed  into  a  food  vacuole  in  the  same  way  that  an  amoeba 
takes  in  food. 

Digestion  of  the  food  may  occur  in  the  main  body  of  the 
collar  cells.  Another  possibility  is  that  the  food  particles 
will  be  transferred  to  the  amoebocytes  that  wander  around 
in  the  middle  layer  of  the  sponge  body.  The  amoebocytes 
digest  the  food  and  may  carry  the  nutrients  to  other  cells  in 
the  body. 

25—9  Gas  exchange  All  animals  must  have  some 
way  of  obtaining  oxygen  from  the  environment  outside  the 
body.  Also  all  animals  must  have  a  way  of  releasing  carbon 
dioxide  and  other  gaseous  wastes  from  the  interior  body 
cells  to  the  exterior  environment.  The  process  by  which 
oxygen  is  obtained  from  outside  the  body  and  gaseous 
wastes  are  released  is  called  gas  exchange  (eks  chanj'). 

Gas  exchange  in  the  sponge  is  a  simple  process.  Oxygen 
is  dissolved  in  the  water  that  flows  through  the  sponge 
body.  From  the  water  the  oxygen  diffuses  directly  into  the 
cells  that  line  the  canals  and  cavities  of  the  body.  From 
these  cells  the  oxygen  diffuses  into  the  other  cells  in  the 
sponge  body.  The  loss  of  gaseous  wastes  occurs  in  the  op¬ 
posite  manner.  Carbon  dioxide  and  other  wastes  diffuse  to 
the  cells  lining  the  canals  and  cavities,  and  from  these  into 
the  current  of  water. 

25—10  Coordination  Another  problem  for  most 
animals  is  the  coordination  of  all  parts  of  the  body  so  that 
they  work  together.  In  most  animals  this  task  is  performed 
mainly  by  nerve  tissue  made  up  of  specialized  nerve  cells. 
But  not  in  the  sponge.  Sponges  have  no  specialized  nerve 
cells.  However,  some  cells,  such  as  those  lining  the  outside 
pores,  have  the  ability  to  respond  by  contracting  when 
they  are  touched.  This  is  apparently  a  response  by  individ¬ 
ual  cells,  rather  than  a  coordinated  response  of  a  cell 
group. 

25—11  Reproduction  Sponges  can  reproduce  by 
three  asexual  methods  and  by  one  sexual  method.  One 
asexual  method  is  by  regeneration  (ri  jen  9  ra'sfmn).  If 
you  break  a  sponge  in  several  pieces,  each  piece  will 
regenerate  a  new  sponge.  Years  ago  a  zoologist  even 
strained  cells  through  cloth  and  found  that  groups  of  cells 
that  had  received  this  treatment  still  regenerated  into  new 
sponges.  The  method  of  regeneration  is  used  in  the  bath 
sponge  industry.  Sponges  of  the  type  that  produce  corn- 
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FIGURE  25-5 

Gemmules  can  withstand  cold 
temperatures  and  drying.  When 
favorable  conditions  return,  cells 
are  released  and  these  develop 
into  new  sponges. 
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FIGURE  25-6 

Sexual  reproduction  in  sponges 
involves  the  trapping  of  a  sperm 
cell  by  a  collar  cell.  The  collar  cell 
becomes  a  carrier  cell. 


mercial  bath  sponges  are  cut  into  many  small  pieces  and 
“seeded”  in  favorable  growing  areas.  After  several  years 
the  offspring  are  then  harvested. 

A  second  method  of  asexual  reproduction  is  by  bud¬ 
ding  (bud'ing).  In  this  process  a  small  extension,  or  bud, 
begins  to  grow  from  the  side  of  the  sponge  body.  When 
the  bud  reaches  a  certain  size,  it  breaks  off  and  develops 
into  a  new  sponge. 

A  third  method  of  asexual  reproduction  is  used  by  fresh¬ 
water  sponges  and  by  some  marine  species.  A  small  struc¬ 
ture  called  a  gemmule  (jem'yiil)  is  formed  within  the 
body  of  the  sponge  and  then  released  into  the  water.  The 
freshwater  sponge  may  die  during  the  winter,  but  the  gem¬ 
mule  can  withstand  cold  and  also  drying,  should  the  water 
dry  up.  Later,  when  conditions  are  favorable,  the  cells  in 
the  gemmule  are  released.  Then  they  divide  and  produce 
another  sponge. 

The  fourth  method  of  reproduction  is  by  sexual  repro¬ 
duction,  which  varies  among  different  sponges.  Generally 
sponges  produce  both  sperm  cells  and  egg  cells.  The 
sperm  cells  are  released  into  the  water,  where  they  are  ca¬ 
pable  of  swimming  with  a  flagellum.  The  egg  cells  may  be 
produced  in  the  middle  layer  of  the  sponge.  For  reproduc¬ 
tion  to  occur,  a  sperm  must  be  trapped  and  absorbed  from 
the  water  by  a  collar  cell.  When  trapped,  the  sperm  cell 
loses  its  flagellum.  Also,  the  collar  cell  withdraws  its  collar 
and  flagellum,  then  becomes  a  carrier  cell  that  transports 
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the  sperm  cell  to  the  egg  cell.  After  fertilization,  cell  divi¬ 
sion  begins  and  the  cell  mass  develops  into  a  small  multi¬ 
cellular  larva,  which  swims  out  of  the  sponge.  Eventually 
the  larva  settles  on  a  solid  surface  and  begins  to  develop 
into  another  adult  sponge. 

25—12  Environmental  relationships  All  ani¬ 
mals  have  different  relationships  with  other  organisms  in 
their  environment.  Many  sponges  have  a  unique  relation¬ 
ship.  They  serve  as  a  habitat  (hab's  tat),  or  home,  for 
smaller  animals.  The  hollow  spaces  inside  their  body  make 
an  ideal  habitat  for  a  number  of  different  small  animals.  For 
example,  one  zoologist  collected  a  large  loggerhead 
sponge  and  counted  16  000  small  shrimp  inside  its  body. 


CHECK  YOUR  FACTS 

1.  What  are  invertebrates?  Are  most  animals  invertebrates? 

2.  What  is  a  sessile  animal? 

3.  Do  sponges  have  tissues?  Organs? 

4.  How  is  oxygen  circulated  to  the  cells  of  the  sponge? 

5.  Where  are  amoebocytes  located?  What  is  their  function? 

6.  Name  the  three  types  of  skeletal  material  found  in  sponge 
skeletons. 

7.  Explain  how  collar  cells  function  in  digestion. 


Phylum  Coelenterata 

25-13  Introduction  There  are  about  10  000  differ¬ 
ent  species  of  animals  that  belong  to  the  phylum  Coelente¬ 
rata.  All  these  animals  are  aquatic.  Practically  all  of  them 
live  in  marine  waters. 

The  coelenterates  include  such  marine  animals  as  the  jel¬ 
lyfish,  Portuguese  man-of-war,  sea  anemone,  and  coral. 
Also  belonging  to  the  phylum  Coelenterata  is  a  small  ani¬ 
mal  called  the  hydra,  which  lives  in  freshwater  ponds, 
lakes,  and  streams. 

25-14  General  body  structure  The  coelenterates 
have  four  general  body  characteristics  that  are  different 
from  most  other  animals.  First,  their  body  has  radial  sym¬ 
metry,  a  characteristic  that  only  one  other  major  phylum  of 
animals  (phylum  Enchinodermata,  which  includes  the 
starfish  and  sea  urchin)  has. 

The  second  characteristic  of  coelenterates  is  an  interior 
body  cavity  with  a  single  opening,  which  serves  both  as  a 
mouth  and  as  an  exit  for  body  wastes. 
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The  third  characteristic  is  a  body  made  up  of  two  layers 
of  cells:  an  outside  layer  and  an  inside  layer.  Between  the 
two  layers  of  cells  is  a  noncellular,  jellylike  substance 
called  mesoglea  (mes  3  gle's). 

The  fourth  characteristic  of  coelenterates  is  the  presence 
of  highly  specialized  cells  called  cnidoblasts  (nl'da 
blasts).  Each  cnidoblast  contains  a  nematocyst  (nem'a  ta 
sist),  which  is  a  capsule  with  a  coiled  thread  that  can  be 
shot  out  and  used  to  capture  small  animals  for  food.  Most 
coelenterates  have  one  or  more  rows  of  tentacles  sur¬ 
rounding  their  mouth.  The  cnidoblasts  containing 
nematocysts  are  concentrated  in  those  tentacles.  When  a 
small  animal  suitable  for  food  comes  close,  the 
nematocysts  shoot  out  a  thread  that  poisons  or  entangles 
the  small  animal.  At  the  same  time  the  tentacles  grasp  the 
victim  and  pull  it  into  the  mouth. 

25—15  The  hydra  The  hydra  is  the  best  known  and 
most  widely  studied  coelenterate  (class  Hydrozoa).  It  is 
found  in  bodies  of  freshwater  throughout  the  world,  usu¬ 
ally  attached  to  leaves,  stones,  and  sticks.  It  is  a  small  ani¬ 
mal,  often  less  than  1  cm  long.  But  it  is  capable  of  stretch¬ 
ing,  and  some  have  been  measured  as  long  as  3  cm.  A 
typical  place  to  see  hydras  is  the  underside  of  a  floating 
lily  pad  from  a  pond.  The  most  common  hydra  is  the  green 
hydra,  which  gets  its  color  from  green  algae  cells  that  live 
in  the  hydra’s  cells.  Another  common  hydra  is  the  brown 
hydra. 


FIGURE  25-7 

The  polyp  body  form,  typified  by  the  hydra,  is  shown  on  the  left.  The 
medusa  body  form,  found  in  the  jellyfish,  is  shown  on  the  right. 
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The  coelenterates  have  two  body  forms.  The  hydra  illus¬ 
trates  the  body  form  called  a  polyp  (pol'ip).  The  polyp 
has  its  mouth  and  tentacles  facing  upward.  The  other  body 
form  is  the  medusa  (ms  dii'ss),  which  has  its  mouth  and 
tentacles  facing  downward.  The  jellyfish  is  an  example  of  a 
coelenterate  with  a  medusa-form  body. 

The  hydra  polyp  is  a  good  example  to  illustrate  the  struc¬ 
ture  and  function  of  the  coelenterate  body.  Two  layers  of 
cells  make  up  the  polyp  body  wall.  The  outer  layer  of  cells, 
the  epidermis,  is  made  up  mostly  of  cells  with  two  func¬ 
tions.  One  function  of  the  epidermal  cells  is  to  protect  the 
rest  of  the  body.  Their  second  function  is  movement.  At 
the  base  of  the  epidermal  cells  there  are  muscle  fibers  run¬ 
ning  lengthwise  with  the  cell.  Contraction  of  these  fibers 
allows  the  hydra  to  shorten  or  bend  its  body. 

The  inside  layer  of  cells  is  called  the  gastrodermis 
(gas  tro  der'mis).  The  gastrodermis  lines  the  body  cavity, 
which  is  called  the  gastrovascular  (gas  tro  vas'kys  br) 
cavity.  The  cells  of  the  gastrodermis  have  several  func¬ 
tions.  They  protect  the  inside  body  cavity.  They  also  have 
muscle  fibers  in  them  that  create  movement  in  opposite  di¬ 
rections  from  those  in  the  epidermis.  When  the  muscle  fi¬ 
bers  of  the  gastrodermis  contract,  they  constrict  the  body, 
making  it  thinner  and  longer.  Also,  the  cells  of  the  gastro¬ 
dermis  function  in  digestion,  which  will  be  discussed 
shortly. 

Between  the  two  cell  layers  in  the  coelenterate  body 
there  is  a  noncellular  layer,  the  mesoglea.  In  some  coel¬ 
enterates  there  may  be  a  few  cells  scattered  through  the 
mesoglea,  but  mostly  it  is  made  up  of  a  thick,  jellylike  sub¬ 
stance.  In  polyp-form  coelenterates  like  the  hydra,  the  me¬ 
soglea  is  quite  a  thin  layer.  However,  in  medusa-form  coel- 
entereates,  the  mesoglea  is  thicker  than  either  of  the  two 
layers  of  cells.  In  medusa-form  coelenterates  the  mesoglea 
accounts  for  most  of  the  animal’s  body  volume. 

At  the  base  of  the  hydra  is  a  special  group  of  cells  called 
the  basal  (ba'sal)  disc.  The  cells  of  the  basal  disc  pro¬ 
duce  a  sticky  substance  that  allows  the  hydra  to  remain  at¬ 
tached  to  solid  objects,  even  in  currents  of  water.  Also  the 
cells  in  the  basal  disc  are  capable  of  slow  movement,  much 
like  the  movement  of  an  amoeba.  These  cells  enable  the 
hydra  to  glide  slowly  across  the  solid  surface  to  which  it  is 
attached. 

The  hydra  can  move  more  rapidly  by  two  other  meth¬ 
ods.  One  is  by  somersaulting.  By  this  method  the  hydra 
bends  over,  touches  its  tentacles  to  the  surface,  and  re¬ 
leases  its  basal  disc.  Then  it  turns  over,  attaches  the  basal 
disc,  and  stands  upright.  The  second  method  resembles  the 
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FIGURE  25-8 

The  structure  and  the  body  form 
of  a  hydra  are  shown  in  the 
illustration  above. 


25—16  Feeding  and  nematocysts  The  hydra  has 
several  long  tentacles  with  cnidoblasts  grouped  together  in 
clusters.  When  a  small  animal  suitable  for  eating  comes 
near  the  cnidoblasts,  the  nematocysts,  which  are  inside, 
shoot  out  their  coiled  threads.  Each  thread  is  hollow  and 
sharp-pointed.  It  penetrates  the  body  of  the  animal,  and 
poison  from  inside  the  nematocyst  travels  through  the  hol¬ 
low  thread,  into  the  body  of  the  prey.  The  poison  partly  or 
wholly  paralyzes  the  prey,  so  that  the  tentacles  can  com¬ 
plete  the  work  of  capturing  it  and  pulling  it  into  the 
mouth. 

What  is  it  that  causes  the  nematocysts  to  discharge?  Just 
touching  the  tentacles  with  a  clean  needle  in  the  labora¬ 
tory  usually  will  not  cause  them  to  discharge.  The  pres- 1 
ence  of  certain  chemicals,  such  as  are  found  in  small  or¬ 
ganisms  that  the  hydra  feeds  upon,  is  also  required.  I 
Actually  it  is  a  combination  of  two  stimulants  that  causes 
the  nematocysts  to  discharge.  First,  the  hydra  “tastes”  the 
proper  chemicals  given  off  by  the  likely  prey.  Second,  the 
prey  touches  a  triggerlike  device  that  extends  a  short  dis- 


movement  of  a  measuring  worm,  a  caterpillar  that  moves 
along  with  a  hump  in  its  body.  The  hydra  leans  over  and 
attaches  its  tentacles,  slides  the  basal  disc  towards  the  ten¬ 
tacles,  then  stands  upright. 


360 


tance  from  the  cnidoblast.  Together  both  stimulations, 
chemical  and  touch,  cause  the  nematocysts  to  discharge. 
Once  a  nematocyst  has  discharged,  it  cannot  be  used  again. 

There  are  three  basic  kinds  of  nematocysts  found  in  coel- 
enterates.  Many  are  like  those  in  the  hydra,  with  sharp 
points  and  a  poison  that  paralyzes  the  prey.  Another  type 
of  nematocyst  is  a  long  thread  that  coils  around  the  prey 
and  traps  it  like  a  cowhand’s  lasso.  A  third  type  has  a  sticky 
substance  on  the  thread  that  slows  down  the  prey,  so  that 
the  tentacles  can  complete  the  capture. 

It  is  interesting  that  some  flatworms  and  a  marine  animal 
called  a  sea  slug  can  use  the  nematocysts  of  coelenterates 
that  they  have  eaten.  Somehow  the  nematocysts  pass 
through  the  digestive  system  of  these  animals  without 
being  digested  and  without  getting  discharged.  From  the 
digestive  system  they  pass  to  the  epidermis  of  the  animals, 
where  they  help  in  defense  against  predators. 

25—17  Digestion,  transport,  and  gas  ex¬ 
change  The  mouth  and  gastrovascular  cavity  can  ex¬ 
pand  to  many  times  their  normal  size.  Therefore  hydras 
and  other  coelenterates  can  eat  animals  larger  than  them¬ 
selves. 

After  the  captured  animal  is  inside  the  gastrovascular 
cavity,  digestion  begins  in  the  first  of  two  stages.  In  the  first 
stage  certain  cells  in  the  gastrodermis  begin  producing  and 
releasing  digestive  enzymes  into  the  gastrovascular 
cavity.  Digestive  enzymes  are  chemicals  that  break  down 
food  into  nutrients  that  can  be  used  by  the  animal’s  own 
cells.  The  first  stage  of  digestion  is  called  extracellular 
(eks  tra  sel'yo  tar)  digestion  because  it  occurs  outside 
the  cells  of  the  gastrodermis,  in  the  gastrovascular  cavity. 

The  second  stage  of  digestion  occurs  inside  certain  cells 
of  the  gastrodermis  and  is  called  intracellular  (in  trs 
sel'ys  tar)  digestion.  Intracellular  digestion  occurs  after 
certain  cells  of  the  gastrodermis  surround  and  engulf 
partly  digested  food  particles.  This  is  the  process  of  phago¬ 
cytosis  that  was  discussed  in  Chapter  2.  Inside  the  cell  the 
food  particles  are  enclosed  in  a  food  vacuole.  Digestive  en¬ 
zymes  are  released  into  the  food  vacuole.  They  complete 
the  digestion.  Essential  nutrients  then  diffuse  from  the  food 
vacuole,  while  undigested  wastes  are  released  by  exocy- 
tosis. 

The  nutrients  are  then  transported  to  all  the  other  cells 
in  the  coelenterate  body  by  diffusion.  There  is  no  transport 
system  as  is  found  in  more  complex  animals. 

Gas  exchange  also  occurs  by  diffusion.  Solid  waste  mate¬ 
rials  are  eliminated  from  the  gastrovascular  cavity  through 


FIGURE  25-9 

The  combination  of  both  a 
chemical  and  a  touch  stimulus  is 
normally  required  to  cause  the 
discharge  of  a  nematocyst  from  a 
cnidoblast. 
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the  mouth.  This  movement  is  aided  by  flagella  on  certain 
cells  of  the  gastrodermis,  which  create  a  current  in  the  di¬ 
rection  of  the  mouth. 

25— IS  Coordination  In  the  coelenterates  we  see 
the  first  beginnings  of  a  nervous  system  that  can  coordi¬ 
nate  the  different  tissues  of  the  body.  The  nervous  system 
in  the  hydra  is  typical  of  all  coelenterates.  Scattered  around 
the  body,  with  the  greatest  concentration  near  the  mouth, 
are  sensory  (sen'ssr  e)  cells.  Sensory  cells  are  nerve 
cells  that  are  capable  of  receiving  information,  or  stimuli, 
from  the  environment.  From  the  sensory  cells,  nerve  fibers 
connect  with  other  sensory  cells,  forming  what  is  called  a 
nerve  (nerv)  net.  If  one  sensory  cell  is  stimulated,  the 
nerve  impulse  travels  throughout  the  entire  nerve  net.  Un¬ 
like  more  advanced  nervous  systems,  there  are  no  specific 
routings  for  any  of  the  impulses.  They  travel  equally 
throughout  the  nerve  net.  Also  unlike  more  advanced  ner¬ 
vous  systems,  there  are  no  concentrations  of  nerve  cells 
that  interpret  or  process  sensory  impulses.  In  other  words, 
coelenterates  have  nothing  that  resembles  the  brain  of 
more  complex  animals. 

25—19  Reproduction  Hydras  and  most  other  coel¬ 
enterates  reproduce  both  by  asexual  and  sexual  methods. 
When  water  conditions  are  favorable,  the  hydra  repro¬ 
duces  asexually  by  budding.  In  this  process  small  hydras 
begin  growing  out  the  sides  of  an  adult  hydra.  Eventually 
the  buds  break  off  and  become  separate  individuals. 

When  water  conditions  are  unfavorable— for  example, 
when  there  is  increased  carbon  dioxide  in  the  water- 
hydras  may  reproduce  sexually.  The  process  begins  with 
the  development  of  structures  called  the  testis  and  the 
ovary.  The  testis  (tes'tis)  produces  sperm  cells,  which 
are  male  gametes  that  are  released  and  swim  around  in  the 
water  with  their  flagella.  The  ovary  produces  an  egg  cell, 
which  remains  attached  to  the  ovary  until  it  is  fertilized  by 
a  sperm.  Normally  one  hydra  produces  a  testis  and  another 
produces  an  ovary.  Occasionally  one  animal  produces 
both.  Such  an  animal  is  said  to  be  a  hermaphrodite 
(her  maf  ro  dlt). 

After  fertilization  the  egg  cell  begins  to  divide,  and  soon  i 
the  cell  mass  is  surrounded  by  a  tough  capsule.  Then  the 
capsule,  with  the  partly  developed  hydra  inside,  is  shed 
into  the  water,  where  it  settles.  Development  may  continue 
and  a  new  hydra  will  emerge  from  the  capsule  in  a  week 
or  so.  However,  if  conditions  are  unfavorable,  such  as  in 
the  autumn,  development  slows  down  or  stops.  The  cap- 
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sule  enables  the  partly  developed  hydra  to  survive  until 
conditions  are  more  suitable,  at  which  time  development 
continues. 

The  hydra  also  has  great  powers  of  regeneration.  In  fact, 
it  was  named  after  Hydra,  the  nine-headed  monster  serpent 
in  Greek  mythology  that  grew  two  new  heads  for  every 
one  that  was  cut  off.  If  a  hydra  is  sliced  into  several  pieces, 
each  new  piece  may  grow  and  develop  into  a  new  animal. 

25—20  Jellyfish  There  are  thousands  of  medusa- 
form  coelenterates  that  are  called  jellyfish  (class  Scy- 
phozoa).  They  are  much  like  an  upside-down  hydra  with  a 
very  thick  mesoglea.  The  thick  mesoglea  serves  two  func¬ 
tions.  It  makes  it  easy  for  jellyfish  to  float  in  water.  Second, 
it  gives  jellyfish  structural  rigidity,  which  protects  their 
body  from  destruction  in  a  rough  ocean. 


Jellyfish  are  among  the  most  numerous  of  coelenterates.  Nematocysts  in 
the  tentacles  are  used  to  paralyze  prey. 


SCIENCE  TERMS 

mesoglea 

cnidoblasts 

nematocyst 

polyp 

medusa 

epidermis 

gastrodermis 

basal  disc 

gastrovascular  cavity 
digestive  enzymes 
extracellular  digestion 
intracellular  digestion 
sensory  cells 
nerve  net 
testis 

hermaphrodite 

reefs 


363 


Some  jellyfish  are  small,  clear,  and  almost  invisible  in  the 
upper  layers  of  the  ocean.  The  largest  jellyfish  is  an  orange 
and  blue  monster,  with  some  specimens  being  up  to  4  m  in 
diameter  and  having  tentacles  30  m  long.  Large  jellyfish  are 
dangerous  to  humans,  who  can  become  paralyzed  from 
the  poison  in  the  nematocysts. 

Often  confused  with  the  jellyfish  is  a  colonial  coelenter- 
ate  called  the  Portuguese  man-of-war.  This  colonial  coel- 
enterate  is  made  up  of  both  polyps  and  medusas.  The  col¬ 
ony  ha>s  one  medusa  specialized  into  a  large  gas-filled  float 
that  somewhat  resembles  the  body  of  a  jellyfish.  The  float 
is  pushed  along  by  the  wind,  and  the  colony  can  be  a  haz¬ 
ard  to  swimmers  along  ocean  beaches  because  of  the  large 
dose  of  poison  that  can  be  injected  by  the  colony’s  many 
tentacles. 


The  Portuguese  man-of-war  is 
actually  a  colonial  coelenterate.  A 
fish  can  be  seen  trapped  in  the 
tentacles  of  the  specimen  at 
right. 
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Sea  anemones  are  polyp-form 
coelenterates  with  numerous 
tentacles.  Most  sea  anemones 
are  stationary  and  must  attract 
and  capture  passing  prey. 


25—21  Sea  anemones  The  sea  anemones  are  polyp- 
form  coelenterates  that  look  like  flowers  growing  on  the 
bottom  of  oceans  and  seas  (class  Anthozoa).  Some  are 
brightly  colored  by  algae  that  grow  in  their  cells.  Anem¬ 
ones  are  most  abundant  in  shallow  seas,  but  some  have 
been  found  as  deep  as  10  500  m. 

The  sea  anemones  have  many  more  tentacles  than 
hydras.  Also  their  gastro vascular  cavity  is  divided  into  six 
separate  chambers  by  walls,  or  partitions.  This  greatly  in¬ 
creases  the  amount  of  gastrodermis  that  is  available  to 
carry  out  the  function  of  digestion. 

25—22  Corals  Some  of  the  most  important  coelenter¬ 
ates  are  certain  polyp-form  corals  called  stony  corals. 
Stony  corals  produce  a  calcium  carbonate,  or  limestone, 
cup  that  they  withdraw  into  for  protection.  Most  of  the 
stony  corals  are  colonial  and  grow  very  close  together. 
Over  a  period  of  years,  as  individuals  live  and  die  they 
build  up  large  bodies  of  limestone  called  reefs  (refs). 
Many  corals  are  brightly  colored  by  algae  growing  in  their 
cells. 
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Corals  are  coelenterates  that  build  up  a  calcium  carbonate  shell  in  which 
they  live.  The  tentacles  protrude  from  pores  in  the  shell. 


Corals  can  only  grow  in  warm  water  that  is  at  least 
22  °C.  Therefore  coral  reefs  are  found  developing  in  shal¬ 
low  tropical  and  subtropical  waters.  The  reefs  have  many 
important  effects  on  other  forms  of  life.  In  reef  cavities, 
tunnels,  and  caves  there  is  a  variety  of  habitats  for  many 
different  animals.  Reefs  also  form  barriers  and  hazards  for 
boats  and  ships  that  must  navigate  through  them. 


CHECK  YOUR  FACTS 

1.  Name  four  characteristics  of  the  coelenterate  body  struc¬ 
ture  that  are  unlike  those  of  most  other  animals. 

2.  Describe  how  a  cnidoblast  functions.  Where  are  they  lo¬ 
cated? 

3.  Where  are  hydras  found?  What  body  form  do  they  exhibit? 

4.  Describe  the  difference  in  appearance  between  the  two 
body  forms  of  coelenterates. 

5.  What  is  the  function  of  the  epidermis?  The  gastrodermis? 
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SUMMARY 

Zoology  is  the  science  that  deals  with  the  study  of  animals.  So 
far,  roughly  1  100  000  types  of  animals  have  been  identified 
by  zoologists.  Animals  are  characterized  by  their  ability  of  lo¬ 
comotion,  their  lack  of  a  cell  wall,  their  inability  to  make  their 
own  food,  and  a  stage  of  development  called  adulthood.  King¬ 
dom  Animalia  contains  27  phyla,  9  of  which  contain  99  per¬ 
cent  of  all  animals.  The  members  of  phylum  Porifera  are 
called  sponges.  They  have  no  tissues  or  organs.  About  10  000 
species  belong  to  phylum  Coelenterata. 


REVIEW  QUESTIONS 

1.  What  are  four  characteristics  of  animals  that  are  not 
found  in  other  organisms? 

2.  Distinguish  between  the  two  types  of  symmetry. 

3.  Compare  the  tissues  of  coelenterates  and  sponges. 

4.  Describe  and  compare  the  process  of  gas  exchange  in 
sponges  and  coelenterates. 

5.  How  is  digestion  in  coelenterates  different  from  that  in 
sponges? 

6.  List  some  methods  of  locomotion  used  by  coelenterates. 

7.  What  methods  of  reproduction  do  sponges  share  with 
the  coelenterates? 

8.  Describe  the  three  layers  of  the  sponge. 

9.  What  are  the  three  layers  of  the  coelenterate  body?  How 
does  each  layer  function? 

10.  What  are  the  two  body  forms  of  coelenterates?  Name  an 
example  of  each  type. 

ANALYSIS  AND  APPLICATION 

1.  Describe  the  body  symmetry  of  an  earthworm,  a  squirrel, 
and  an  elephant.  Do  trees  and  other  plants  have  a  type  of 
symmetry? 

2.  Which  of  the  following  are  correct  statements  about  the 
human  body?  Correct  each  one  that  is  false. 

a.  The  fingers  are  more  proximal  to  the  shoulder  than  the 
elbow. 

b.  The  kneecap  is  more  distal  from  the  hip  than  the  thigh. 

c.  The  arms  are  lateral  appendages. 

d.  When  lying  on  your  “stomach,”  your  back  is  a  ventral 
region  and  your  “stomach”  is  a  dorsal  region. 

e.  When  lying  on  your  “stomach,”  your  head  is  posterior 
from  your  neck. 

3.  Digestion  occurs  inside  your  small  intestine.  Would  this 
be  extracellular  or  intracellular  digestion? 
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26  Worms 


Phylum  Platyhelminthes 

26—1  Flatworms:  general  characteristics  Any 

small,  flat,  or  tube-shaped  animals  that  creep  or  crawl 
without  legs  are  usually  called  worms.  There  are  a  lot  of 
such  animals  on  the  earth— so  many  that  they  make  up 
three  major  phyla  of  animals.  The  most  primitive  of  the 
phyla  is  the  phylum  Platyhelminthes,  and  its  members  are 
called  flatworms. 

All  flatworms  have  bodies  with  bilateral  symmetry.  Like 
the  coelenterates,  they  also  have  a  gastrovascular  cavity 
with  one  opening.  However,  unlike  the  coelenterates,  the 
gastrovascular  cavity  in  flatworms  branches  throughout 
the  body  of  the  worm. 

The  flatworms  represent  two  major  advances  over  the 
coelenterates.  First,  they  have  well-developed  organs.  Or¬ 
gans  are  structures  made  up  of  two  or  more  tissues  that 
work  together  to  perform  a  specific  function. 

The  second  major  advance  over  the  coelenterates  is  the 
presence  of  three  distinct  body  layers.  These  three  body 
layers  are  a  characteristic  of  all  other  more  complex  ani¬ 
mals.  The  body  layers  appear  during  the  early  devel¬ 
opment  of  the  animal.  The  outer  layer,  called  the  ecto¬ 
derm  (ek'to  derm),  develops  into  an  outer  layer  of  cells 
that  covers  the  body.  In  many  flatworms  this  outer  layer  is 
an  epidermis  with  cilia  and  many  glands.  The  inner  layer, 
the  endoderm  (en'do  derm),  results  in  the  layer  of  cells 
lining  the  gastrovascular  cavity'.  This  inner  layer  is  called 
the  gastrodermis.  The  third  body  layer,  the  mesoderm 
(mes'a  derm),  is  between  the  ectoderm  and  endoderm.  It 
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FIGURE  26-1 

The  internal  structure  of  Planaria, 
including  the  digestive  system 
and  the  nervous  system,  is 
illustrated  in  the  figure  above. 


develops  into  a  variety  of  organs  that  make  up  the  largest 
part  of  the  flatworm’s  body.  The  muscles  and  reproductive 
organs  develop  from  the  mesoderm. 

The  flatworms  are  classified  into  three  groups  or  classes. 
Two  groups  are  parasites  (par'a  sits).  Parasites  live  on 
or  in  another  animal,  called  a  host,  and  obtain  part  of  or 
all  their  nourishment  from  the  host.  The  other  group  of 
flatworms  is  mostly  free-living.  Such  animals  live  an  in¬ 
dependent  life  and  do  not  live  on  or  in  other  animals. 

26—2  A  free-living  flatworm:  Planaria  If  you 

look  closely  at  a  submerged  stone  in  an  unpolluted,  spring- 
fed  stream,  you  are  likely  to  see  flatworms  called  Planaria. 
Planaria  belong  to  the  group  of  free-living  flatworms 
(class  Turbellaria).  They  are  small— about  10  to  12  mm 
long— and  they  may  be  gray  or  black  or  almost  colorless. 
By  looking  closer  with  magnification,  one  can  observe  a 
head  with  earlike  structures  and  what  appears  to  be  a  pair 
of  crossed  eyes.  The  earlike  structures  are  called  auricles 
(or'a  kalz).  The  auricles  contain  chemoreceptors  (kem 
o  ri  sep'tsrs)  that  detect  or  “taste”  chemicals  in  the  water. 
They  also  sense  physical  contacts  and  perhaps  the  strength 
of  water  currents.  The  structures  that  look  like  crossed 
eyes  are  called  eyespots.  The  eyespots  are  photorecep¬ 
tors  (fo  to  ri  sep'tars),  which  are  light-sensitive  organs. 
They  are  primitive  organs  that  can  only  detect  light.  They 
cannot  focus  light  rays  and  see  images  as  we  can.  Pla- 
narians  are  most  active  at  night.  They  use  their  eyespots  to 
detect  and  avoid  light. 

Planarians  move  by  a  gliding  motion.  This  motion  is 
made  possible  by  two  kinds  of  structures  on  their  ventral 
surface.  In  the  ventral  epidermis  there  are  mucous  glands 
that  secrete  a  layer  of  mucus  under  the  worm.  The  ventral 
epidermis  also  contains  cilia  that  wave  back  and  forth  in 
the  bed  of  mucus,  causing  the  animal  to  glide  forward. 


Planarians  are  free-living  flatworms.  Flatworms  are  the  first  group  of 
animals  to  have  three  distinct  body  layers. 
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26—3  Feeding  and  digestion  Planarians  feed  on 
either  alive  or  dead  small  animals.  They  catch  live  animals 
by  trapping  them  with  their  mucus  and  by  wrapping  their 
body  around  them.  They  feed  by  extending  their  mouth, 
which  is  at  the  end  of  a  muscular  tube  in  the  mid-ventral 
region.  The  muscular  tube  is  called  the  pharynx 
(far'ingks).  By  the  strong  sucking  action  of  the  pharynx, 
the  animal  is  torn  into  pieces  and  swallowed. 

Inside  the  gastrovascular  cavity  some  extracellular  diges¬ 
tion  takes  place,  from  enzymes  that  are  secreted  by  the  gas- 
trodermis.  However,  much  of  the  food  is  engulfed  by 
phagocytosis  and  digested  inside  the  cell. 

The  gastrovascular  cavity  branches  and  rebranches. 
Therefore  it  is  relatively  easy  for  nutrients  from  digestion 
to  diffuse  to  all  cells  in  the  body.  Undigestible  material  is 
released  into  the  gastrovascular  cavity  from  the  gastro- 
dermis.  Occasionally  the  planarian  will  suck  water  into  the 
gastrovascular  cavity,  then  blow  it  vigorously  through  the 
mouth.  This  is  probably  the  way  undigestible  material  is 
flushed  out  of  the  gastrovascular  cavity. 

26—4  Gas  exchange  and  excretion  Gas  exchange 
occurs  by  diffusion  between  the  body  cells  and  the  water 
or  air.  Excretion  (ek  skre'shen),  which  is  the  general 
process  of  eliminating  wastes,  also  occurs  from  a  network 
of  tubules  that  runs  the  length  of  the  body  and  empties 
through  tiny  pores.  Some  wastes  eliminated  by  the  excre¬ 
tory  system  are  nitrogenous  (nl  troj'o  nos)  wastes  that 
result  from  the  breakdown  of  proteins  and  other  nitrogen 
compounds.  More  important,  the  excretory  system  func¬ 
tions  to  eliminate  excess  water  that  builds  up  inside  the 
planarian’s  body. 

26—5  The  nervous  system  Planarians  have  a  ner¬ 
vous  system  with  a  feature  shared  by  other  animals  of  bi¬ 
lateral  symmetry.  Planarians  have  the  majority  of  their 
nerve  tissue  concentrated  at  the  anterior  end  of  their  body. 
This  is  where  it  is  needed  as  the  animal  moves  forward, 
searching  for  food. 

In  the  head  of  the  planarian  there  are  two  clusters  of 
nerve  cell  bodies  called  cerebral  ganglia  (ser'o  brol 
gang'gle  o)  (sing,  ganglion ).  The  branches  from  the  nerve 
cell  bodies  extend  out  to  the  eyes,  auricles,  and  other  parts 
of  the  body.  The  two  cerebral  ganglia  function  together  as 
a  primitive  type  of  brain.  Sensory  information  is  received 
and  interpreted  by  the  cerebral  ganglia.  Then  information 
is  sent  out  to  other  parts  of  the  body  that  need  to  respond. 
For  example,  if  a  light  is  shone  on  a  planarian,  sensory 


nerves  in  the  photoreceptors  will  carry  that  information  to 
the  cerebral  ganglia.  That  information  is  interpreted  and 
sent  to  the  muscles,  which  react.  The  animal  moves  away 
from  the  light. 

Planarians  are  the  favorite  experimental  animals  for 
zoologists  who  study  how  animals  learn.  Various  experi¬ 
ments  have  shown  that  planarians  are  capable  of  learning 
simple  types  of  behavior. 


FIGURE  26-2 

Planarians  have  remarkable 
powers  of  regeneration.  The 
regenerative  process  resulting 
from  various  cuts  of  a  planarian  is 
shown  below. 


26—6  Reproduction  Planarians  reproduce  both 
asexually  and  sexually.  During  asexual  reproduction  their 
body  constricts,  or  grows  narrower,  at  the  midregion. 
Then,  like  a  tug-of-war,  the  head  and  tail  regions  pull  apart 
and  later  grow  whatever  is  missing.  The  tail  region  grows 
a  new  head,  and  the  head  region  grows  a  new  tail. 


Most  planarians  arc  hermaphroditic,  with  sex  organs 
that  produce  both  sperm  and  eggs.  At  certain  times  two 
planarians  will  come  together  and  exchange  sperm  be¬ 
tween  their  bodies.  This  results  in  cross-fertilization,  when 
the  sperm  from  one  planarian  fertilizes  the  eggs  of  another. 
After  fertilization  the  eggs  are  released  in  a  capsule,  which 
is  cemented  to  the  underside  of  rocks  or  plants.  Devel¬ 
opment  continues  and  small  planarians  eventually  hatch 
from  the  capsule. 

Planarians  also  have  great  powers  of  regeneration,  and 
for  this  reason  they  are  often  selected  to  demonstrate  this 
ability  in  laboratories.  Slice  a  planarian  into  several  pieces 
and  each  piece  can  grow  into  a  complete  individual.  A  fa¬ 
vorite  but  difficult  experiment  is  to  take  a  very  thin  slice 
out  of  the  middle  of  a  planarian.  Occasionally,  for  reasons 
that  are  not  completely  known,  that  thin  slice  of  planarian 
will  grow  a  head  from  each  of  the  cut  surfaces. 

26—7  A  troublesome  group:  flukes  The  second 
group  of  flatworms  includes  the  parasitic  worms  called 
flukes  (class  Trematoda).  The  hosts  of  flukes  include  a 
large  number  of  different  vertebrate  animals— animals  with 
backbones,  such  as  fish,  birds,  and  mammals.  Humans  can 
be  the  unwilling  hosts  for  several  different  flukes  that 
cause  disease. 

Parasites  are  classified  into  two  groups,  depending  upon 
whether  they  live  on  the  inside  or  outside  of  their  host.  Ec¬ 
toparasites  (ek  to  par'o  sits)  live  on  the  outside  of  their 
host.  Endoparasites  (endo  par'o  sits)  live  inside  their 
host.  Ectoparasites  and  many  endoparasites  are  equipped 
with  hooks  and  suckers  that  help  them  to  cling  to  their 
lost. 

Most  flukes  are  endoparasites  and  require  two  or  more 
losts  to  complete  their  life  cycle.  When  there  are  multiple 
hosts,  the  one  where  the  parasite  lives  as  a  sexually  mature 
adult  is  called  the  definitive  (di  fin'o  tiv)  host.  Any 
other  host  needed  to  complete  the  life  cycle  is  an  inter¬ 
mediate  (in  tor  me'de  it)  host. 

26-8  The  Chinese  liver  fluke  An  example  of  a 
fluke  that  causes  human  suffering  is  the  Chinese  liver 
fluke.  Humans  are  the  definitive  host  for  this  fluke.  It  lives 
in  the  liver  and  feeds  on  bile,  which  is  a  fluid  that  helps  di¬ 
gest  fats.  The  presence  of  the  flukes  hinders  liver  function 
and  in  extreme  cases  can  cause  death. 

file  life  cycle  of  the  Chinese  liver  fluke  also  includes  two 
intermediate  hosts.  The  sexually  mature  adult  releases  as 
many  as  a  thousand  eggs  a  day.  These  eggs  pass  out  of  the 
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FIGURE  26-3 

The  Chinese  liver  fluke  requires  a 
particular  species  of  freshwater 

snail  and  a  particular  species  of  host’s  body  in  the  feces  (fe'sez),  which  are  the  semisolid 

fish  as  intermediate  hosts.  wastes  from  the  large  intestine  (in  tes'tsn).  The  egg  con¬ 

tains  an  immature  stage  of  the  fluke  that  is  capable  of 
swimming  but  cannot  survive  unless  it  is  eaten  by  a  certain 
species  of  freshwater  snail.  The  snail  is  one  of  the  inter¬ 
mediate  hosts. 

Inside  the  body  of  the  snail  the  fluke  passes  through 
more  stages  of  development.  It  reproduces  asexually,  pro¬ 
ducing  many  more  individuals.  Then,  a  more  advanced 
stage  bores  through  the  snail  tissues  and  out  into  the  wa¬ 
ter.  Once  it  reaches  the  water  it  has  a  maximum  of  48  h  to 
find  just  the  right  species  of  fish  and  bore  into  its  body.  If 
this  occurs,  the  fish  then  becomes  the  second  intermediate 
host.  This  stage  of  the  fluke  lives  in  the  muscles  of  the  fish. 

Humans  become  infected  by  eating  raw  or  poorly 
cooked  fish.  That  practice  is  normal  in  such  countries  as  Ja¬ 
pan,  Korea,  and  China,  where  the  parasite  is  most  com¬ 
mon.  Also,  for  centuries  people  in  those  countries  have 
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used  human  feces  to  fertilize  their  rice  paddies.  If  it  were 
not  for  this  practice,  the  flukes  could  never  infect  the  fresh¬ 
water  snails,  and  the  life  cycle  could  not  be  completed. 

26—9  Tapeworms  The  third  group  of  flatworms  in¬ 
cludes  worm  parasites  called  tapeworms  (class  Cestoda).  A 
tapeworm  is  one  of  the  most  highly  specialized  parasites.  It 
has  no  mouth  or  gastrovascular  cavity  and  it  does  not  need 
either  one.  The  host  does  the  eating  and  the  digestion.  The 
worm  lies  in  the  intestine  of  the  host  and  absorbs  nutrients 
directly  into  its  body  by  diffusion. 


26—10  The  beef  tapeworm  One  tapeworm  for 
which  the  human  is  the  definitive  host  is  the  beef  tape¬ 
worm.  Like  all  tapeworms  the  beef  tapeworm  has  three  re¬ 
gions  in  its  body.  The  head  is  barely  large  enough  to  be 
seen  with  the  naked  eye  and  is  equipped  with  suckers.  The 
suckers  attach  the  head  to  the  wall  of  the  intestine,  and  it  is 
very  difficult  to  break  the  head  loose.  Behind  the  head  is  a 
short,  slender  neck. 

The  main  body  of  the  tapeworm,  which  may  be  4  to  9  m 
long,  consists  of  a  series  of  segments  called  proglottids 
(pro  glot'idz).  The  proglottids  bud  from  the  neck  region 
and  grow  larger  as  they  get  older  and  farther  away  from 
the  neck. 

Each  tapeworm  proglottid  is  basically  a  reproductive 
system  designed  to  produce  fertilized  eggs.  Near  the  end  of 
the  worm,  so-called  ripe  proglottids,  full  of  fertilized  eggs, 
are  constantly  breaking  off  and  passing  out  in  the  feces  of 
the  host.  Over  a  year’s  time  it  is  estimated  that  one  beef 
tapeworm  will  release  124  000  eggs.  Over  the  probable 
20-year  life  of  such  a  tapeworm,  a  total  of  594  million  eggs 
would  be  released.  This  kind  of  tapeworm  is  a  highly  ef¬ 
ficient  reproductive  machine.  UR  ,  “  .  .  f 

1  Ripe  proglottids  near  the  end  of 

The  second  phase  of  the  beef  tapeworm’s  life  cycle  oc-  the  tapeworm  contain  fertilized 
curs  if  a  cow  becomes  infected.  This  can  occur  if  feces  eggs.  These  break  off  and  pass 

out  in  the  feces  of  the  host. 


PROGLOTTIDS 


RIPE  PROGLOTTIDS  WITH  EGGS 


from  an  infected  person  pollute  the  vegetation  eaten  by  the 
cow.  If  the  cow  eats  the  eggs,  they  will  hatch  in  its  in¬ 
testine,  and  an  intermediate  state  of  the  worm  will  bore 
into  the  muscles.  Later,  if  the  infected  animal  is  slaughtered 
and  the  meat  is  poorly  cooked,  another  human  can  become 
infected.  Then  the  life  cycle  would  be  completed. 

Beef  tapeworms  are  becoming  more  and  more  uncom¬ 
mon  for  two  reasons.  Modern  sanitary  conditions  make  it 
unlikely  that  tapeworm-infected  human  feces  will  pollute 
cattle  vegetation.  Government  meat  inspectors  must  ap¬ 
prove  most  meat  consumed  by  the  public.  These  in¬ 
spectors  are  trained  to  identify  worm  infections  in  the  mus¬ 
cles  of  slaughtered  animals. 

Medical  treatment  for  tapeworms  is  difficult.  Medicines 
usually  cause  contractions  of  the  intestine  and  large  pieces 
of  the  worm  may  be  broken  off.  However,  unless  the  head 
also  comes  loose,  it  will  remain  to  produce  more  and  more 
proglottids. 


CHECK  YOUR  FACTS 

1.  To  which  phylum  do  the  flatworms  belong? 

2.  What  two  major  advances  do  the  flatworms  have  over  the 
coelenterates? 

3.  Compare  the  gastrovascular  cavities  of  coelenterates  and 
flatworms. 

4.  Name  and  describe  the  three  body  layers  that  appear  in 
flatworms  and  in  complex  animals. 

5.  Name  two  structures  that  are  visible  on  the  head  of  pla- 
narians.  What  is  the  function  of  each? 


Phylum  Nematoda 

26—1 1  The  nematodes  The  members  of  the  phylum  i 
Nematoda  are  called  roundworms  or  nematodes  (nemGJ 
todz).  These  are  small,  tube-shaped  worms  less  than  1  cmj 
in  length.  Some  are  as  long  as  1  m. 

Nematodes  are  extremely  abundant  on  the  earth.  Zool¬ 
ogists  have  identified  about  12  000  species,  but  it  is  esti-jl 
mated  that  there  may  be  almost  500  000  species  not  yet! 
identified! 

Most  nematodes  are  free-living  and  feed  on  dead  and  de¬ 
caying  plant  and  animal  matter.  Millions  of  them  can  be 
found  in  a  handful  of  fertile  soil.  Ninety  thousand  were 
counted  in  one  rotten  apple.  Nematodes  have  a  valuable 
role  in  the  recycling  of  nutrients  from  generation  to  gener-; 
ation. 


Most  nematodes,  or  roundworms,  are  free-living.  They  live  in  the  soil 
where  they  help  decompose  dead  plant  and  animal  matter. 


Some  nematodes  are  parasites,  and  almost  every  multi¬ 
cellular  plant  and  animal  can  serve  as  a  host  for  at  least  one 
species.  Humans  alone  can  be  the  host  for  up  to  50  differ¬ 
ent  species  of  parasitic  nematodes. 

A  nematode  expert  has  given  us  an  example  that  will 
help  us  picture  their  abundance.  Suppose  all  living  things 
on  the  earth  but  nematodes  were  to  disappear.  The  expert 
says  that  by  identifying  the  nematodes,  we  would  still  be 
able  to  tell  where  most  plants  and  animals  had  been  and 
probably  what  kind  some  were. 

26—12  General  body  structure  The  nematodes 
'epresent  two  major  advances  over  the  flatworms.  They 
aave  a  full  digestive  tube  that  is  open  at  both  ends.  At  the 
interior  end  the  mouth  takes  in  the  food.  Near  the  poste- 
ior  end  waste  materials  leave  the  digestive  tube  by  an 
opening  called  the  anus  (a'nos). 

The  second  advance  is  a  type  of  body  structure  called  a 
tube-within-a-tube  structure.  The  tube-within-a- 
ube  structure  is  found  in  all  other  more  complex  animals. 
)ne  of  the  tubes,  the  inside  tube,  is  the  digestive  system.  It 


FIGURE  26-5 

The  tube-within-a-tube  body 
plan  is  found  in  nematodes  and 
in  all  more  advanced  animal 
groups. 
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runs  the  length  of  the  body,  from  the  mouth  to  the  anus. 
The  outside  tube  is  the  body  wall.  Between  the  two  tubes 
is  a  body  cavity,  which,  in  all  other  more  advanced  animals 
is  called  a  coelom  (se'lom).  In  nematodes  the  body  cavity 
is  called  a  pseudocoel  (sii'da  sel),  or  false  coelom,  be¬ 
cause  it  does  not  develop  solely  from  the  mesoderm. 

The  pseudocoel  and  coelom  are  important  advances  for 
animals.  There  is  room  for  many  different  organs  within 
such  a  cavity.  The  cavity  provides  space  where  organs 
such  as  lungs,  heart,  stomach,  and  intestines  have  room  to 
expand  and  contract,  and  to  slide  by  each  other  as  the  ani¬ 
mal  moves.  A  further  advantage  of  a  body  cavity  is  that  it 
may  be  filled  with  fluid  and,  like  an  air  mattress,  serve  as  a 
protective  cushion. 


Two  specimens  of  Ascaris,  a 
parasitic  nematode  sometimes 
found  in  the  intestine  of  humans, 
are  shown  in  the  photograph 
above. 


26—13  Ascaris:  a  parasitic  nematode  A  fairly 
common  human  parasite  in  certain  subtropical  and  tropi¬ 
cal  parts  of  the  world  is  the  nematode  called  Ascaris 
(as'kar  is).  A  typical  adult  is  25  to  30  cm  long,  is  light  in 
color,  and  is  pointed  at  both  ends. 

Like  all  nematodes,  Ascaris  has  an  outer  covering  called 
a  cuticle  (kyii'ta  kal).  The  cuticle  is  a  noncellular  struc¬ 
ture  like  the  human  fingernail,  except  that  it  is  softer.  It  is 
secreted  by  the  layer  of  cells  in  the  outer  body  wall  of  the 
worm.  The  cuticle’s  function  is  protection  and  locomotion. 

Nematodes  have  only  one  layer  of  muscles  in  the  body 
wall  for  locomotion.  They  run  lengthwise.  Therefore  the 
muscles  cause  the  worm  to  double  up  by  pulling  mouth 
and  anus  toward  each  other.  This  stretches  the  cuticle, 
which  is  elastic,  and  it  acts  like  a  stretched  rubber  band  by 
causing  the  worm  to  snap  back  into  a  straight  position. 
These  whiplike  movements  seem  violent  when  small 
nematodes  are  first  observed  through  a  microscope. 

Ascaris  lives  in  the  intestines  of  humans,  pigs,  horses, 
and  other  mammals.  It  feeds  on  digested  food  in  the  host’s 
intestine.  It  does  this  by  sucking  the  food  into  its  digestive 
tube  with  its  muscular  pharynx.  Nutrients  are  absorbed  by 
the  cells  that  line  the  digestive  tube.  Then  they  are  passed 
on  by  diffusion  to  the  liquid-filled  pseudocoel,  where  they 
flow  to  all  parts  of  the  body. 

Reproduction  of  Ascaris  is  sexual;  however,  unlike  the  . 
flatworms,  the  sexes  are  separate.  The  organs  of  reproduc-  . 
tion  are  in  the  pseudocoel  of  both  males  and  females.  At 
certain  times  male  and  female  worms  come  together  and 
an  unusual  amoeboid  type  of  sperm  flows  into  the  female 
organs.  After  fertilization,  development  begins,  and  a  fe-  ; 
male  will  release  about  200  000  eggs  per  day,  which  pass 
out  in  the  feces.  A  new  infection  may  result  when  a  human 
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or  other  animal  eats  food  contaminated  with  the  eggs.  In¬ 
side  the  new  host  the  eggs  hatch  in  the  intestine.  The 
young  worms  bore  through  the  intestine  wall  into  the 
bloodstream,  and  then  travel  to  the  lungs,  where  they  con¬ 
tinue  developing.  Then  they  are  coughed  up,  swallowed, 
and  transported  back  to  the  intestine,  where  they  become 
adults. 


26—14  Hookworms  A  more  serious  human  parasite 
is  the  hookworm.  Although  much  smaller  than  Ascaris,  it 
causes  much  more  body  damage. 

Inside  the  mouth  of  the  hookworm  are  cutting  plates  that 
are  used  to  cut  into  the  wall  of  the  intestine,  where  they 
live.  Also  near  the  mouth  are  glands  that  secrete  an  anti¬ 
coagulant  (an  tl  kb  ag'yo  lont),  a  chemical  that  prevents 
blood  from  clotting.  Equipped  with  cutting  plates  and  anti¬ 
coagulant,  the  worm  grasps  and  tears  the  lining  of  the  in¬ 
testine.  Then  it  feeds  by  sucking  blood  with  its  muscular 
pharynx.  If  the  worm  moves  to  another  location,  the  cut 
area  may  continue  to  bleed  for  some  time.  A  hookworm  in¬ 
fection  causes  considerable  blood  loss  and  usually  a  dis¬ 
ease  called  anemia  (o  ne'me  o).  Anemia  occurs  when 
there  are  not  enough  red  blood  cells  to  carry  oxygen  to  the 
body  cells.  Anemia  results  in  an  abnormal  tired  feeling  and 
other  problems. 


Hookworms,  shown  below,  have 
cutting  plates  in  their  mouths  to 
tear  into  the  intestinal  wall.  They 
obtain  nourishment  by  sucking 
blood. 
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The  female  hookworm  may  release  up  to  1 0  000  eggs 
per  day,  which  pass  out  in  the  feces  of  the  host.  But  unlike 
those  of  Ascaris,  the  eggs  hatch  outside  the  host,  and 
young  hookworm  larvae  live  in  the  soil.  When  bare  skin, 
such  as  a  foot,  comes  in  contact  with  a  hookworm  larva, 
the  larva  may  bore  through  the  skin  and  get  into  the  blood¬ 
stream.  If  so,  it  moves  to  the  lungs,  then  follows  the  route 
of  Ascaris.  It  is  coughed  up,  swallowed,  and  transported  to 
the  intestine. 

Both  Ascaris  and  hookworm  infections  used  to  be  quite 
common  in  the  southern  United  States.  However,  in  mod¬ 
ern  times,  with  good  sanitary  facilities  and  with  fewer 
people  going  barefoot,  there  has  been  a  great  decrease  in 
both  types  of  infection. 


26— IS  Trichina  worms  Another  nematode  para¬ 
site  is  the  microscopic  trichina  worm.  It  may  be  found  in 
the  muscles  of  pigs,  mice,  rats,  and  humans.  Normally  hu¬ 
mans  are  infected  by  eating  poorly  cooked  pork  muscle 
from  an  infected  pig.  Once  reaching  the  human  intestine, 
the  trichina  worms  reproduce  and  thousands  of  offspring 
bore  through  the  intestine  wall.  From  there  they  travel  in 
A  coiled  trichina  worm  within  a  the  bloodstream  and  eventually  settle  in  certain  muscles, 

cyst  can  be  seen  in  the  muscle  where  they  surround  themselves  within  a  tiny  capsule, 

tissue  in  the  photograph  below. 


This  capsule,  made  of  a  limestone  material,  is  called  a  cyst 
(sist). 

It  has  been  estimated  that  about  16  percent  of  North 
Americans  are  lightly  infected  with  trichina  worms,  but 
the  infections  cause  little  or  no  problems.  However,  it  is 
possible  to  eat  a  large  number  of  the  worms  in  pork  and 
receive  a  severe  infection.  A  severe  infection  is  called 
trichinosis  (trik  a  no'sis)  and  can  cause  severe  pain  and 
death. 

Pigs  are  usually  infected  with  trichina  worms  by  eating 
infected  rats  or  mice,  or  by  eating  uncooked  infected  pork 
in  garbage.  It  is  difficult  for  meat  inspectors  to  detect  in¬ 
fected  pork  because  of  the  microscopic  size  of  the  cysts. 
The  only  sure  way  to  avoid  an  infection  is  to  kill  any 
worms  that  might  be  in  pork  by  thorough  cooking. 

CHECK  YOUR  FACTS 


1.  What  two  major  advances  over  the  flatworms  are  found  in 
nematodes? 

2.  What  is  a  coelom?  In  which  animals  is  it  found? 

3.  How  is  a  pseudocoel  related  to  a  coelom? 

4.  Why  are  the  coelom  and  pseudocoel  important  advances? 

5.  What  is  a  cuticle?  What  are  its  functions? 

6.  How  do  humans  normally  become  infected  with  Ascaris? 
Hookworms?  Trinchina  worms? 


Phylum  Annelida 

26-16  General  characteristics  The  members  of 
phylum  Annelida  have  their  body  divided  into  segments 
and  they  are  called  segmented  worms.  Outside  their  body 
these  segments  often  look  like  a  long  series  of  little  rings. 
The  earthworm,  which  is  often  called  night  crawler,  fish- 
worm,  or  angleworm,  is  the  most  common  segmented 
worm. 

The  segmented  worms  have  much  more  complex  bodies 
than  the  flatworms  and  roundworms.  One  of  their  main 
characteristics  is  a  well-developed  coelom.  The  coelom  is 
filled  with  a  liquid  that  helps  support  the  internal  organs. 
Inside  the  body  each  segment  of  the  coelom  is  divided  by 
septa  (sep'ta),  which  are  wall-like  partitions. 

Segmented  worms  have  many  of  the  organs  and  systems 
that  are  found  in  much  more  complex  animals.  That  is  one 
reason  why  students  in  biology  classes  often  dissect  the 
earthworm.  In  the  earthworm  the  student  can  observe 
simple  forms  of  some  of  the  same  systems  that  are  found  in 
their  own  body. 
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26—17  The  earthworm:  external  struc¬ 
ture  The  earthworm  (class  Oligochaete)  is  a  long  tube¬ 
shaped  worm  made  up  of  1 10  to  180  segments.  At  the  ante¬ 
rior  end  is  a  partial  segment  that  overhangs  the  mouth, 
called  the  prostomium  (pro  sto'me  am).  The  pro¬ 
stomium  has  sensory  receptors  that  collect  a  variety  of  in¬ 
formation  for  the  animal.  In  the  last  segment  there  is  a  slit¬ 
like  opening,  the  anus,  where  waste  material  is  released 
from  the  digestive  tube. 

Surrounding  the  earthworm  between  segments  32  and 
37  is  a  wide  band  that  is  usually  light  brown  in  color.  This 
band  is  the  clitellum  (kli  tel'sm),  which  functions  dur¬ 
ing  reproduction. 

One  of  the  unique  characteristics  of  the  earthworm  is 
the  presence  of  hairlike  bristles  on  its  body.  These  bristles, 
called  setae  (se'ts),  cannot  be  seen  but  can  be  felt  by  rub¬ 
bing  the  ventral  side  of  the  worm.  The  setae  have  two 
functions.  They  help  during  locomotion  by  anchoring  the 
body  while  internal  muscles  contract  and  pull  the  animal 
forward.  (Try  thrusting  one  of  your  own  legs  forward  if 
the  other  one  is  not  anchored,  as  when  on  ice,  and  you  can 
better  appreciate  the  function  of  the  setae.)  Also,  when 
earthworms  come  aboveground  at  night,  they  usually 
leave  their  tail  region  in  the  hole.  The  setae  anchor  the  tail 
and  enable  the  worm  to  draw  back  into  the  hole  quickly. 
(Try  pulling  an  earthworm  out  of  its  hole  and  you  can  ap 
preciate  the  strength  of  its  muscles  and  the  anchoring  role 
of  its  setae.) 

26—18  Feeding  and  digestion  Earthworms  eat 
soil.  In  fact,  in  ground  that  is  tightly  packed,  that  is  how 
they  are  able  to  move  through  the  soil;  they  eat  their  way 
through. 

As  the  soil  moves  into  the  mouth  it  is  sent  backward  by 
contractions  of  the  muscular  pharynx.  From  there  it  moves 
through  a  slender  tube,  the  esophagus  (e  sofa  gas),  and 
into  a  thin-walled  storage  organ,  the  crop  (krop).  Beyond 
the  crop  the  thick-walled,  muscular  gizzard  grinds  the 
food,  helped  by  sand  and  other  solid  minerals  in  the  soil. 
After  the  gizzard,  the  remainder  of  the  digestive  tube  is  an 
intestine  that  extends  the  remaining  length  of  the  body. 

Digestion  in  the  intestine  is  extracellular  by  enzymes  se¬ 
creted  from  cells  that  line  its  wall.  The  material  that  is  di¬ 
gested  includes  seeds,  eggs  from  small  animals,  and  a  vari¬ 
ety  of  dead  and  decaying  plant  and  animal  matter.  Farther 
back  in  the  intestine,  digested  nutrients  are  absorbed  by 
the  lining  cells,  and  undigested  matter  is  passed  out 
through  the  anus. 
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The  earthworm  is  the  most 
familiar  annelid.  Earthworms  are 
valuable  soil  animals, 
decomposing  organic  matter  and 
keeping  the  soil  loose  enough 
for  oxygen  to  penetrate. 


26—19  Transport  The  function  of  transport  in  the 
earthworm  is  mainly  carried  out  by  a  special  circulatory 
(ser'kya  la  tor  e)  system.  The  circulatory  system  consists 
of  a  red  fluid  called  blood  and  a  network  of  closed  tubes, 
or  vessels,  through  which  the  blood  continually  circulates 
throughout  the  body. 

One  of  the  main  vessels  in  the  circulatory  system  is  the 
dorsal  (dor'sal)  blood  vessel.  It  collects  blood  from  the 
rear  part  of  the  body  and  pumps  it  forward  by  a  squeezing 
action  of  its  muscles.  By  looking  closely  at  the  dorsal  side 
of  a  living  earthworm,  this  vessel  and  the  red  blood  inside 
can  be  observed. 

In  the  region  of  the  esophagus,  five  pairs  of  enlarged  ves¬ 
sels  called  hearts  branch  off  the  dorsal  blood  vessel.  The 
hearts  also  pump  blood.  They  connect  with  the  second  ma¬ 
jor  vessel,  the  ventral  (ven'tral)  blood  vessel,  which 
runs  underneath  the  digestive  tube.  Here  some  of  the 
blood  goes  forward  to  the  anterior  end  of  the  animal.  Most 
of  the  blood  goes  back  beneath  the  digestive  tube. 

The  blood  of  the  earthworm  is  red  because  of  the  pig¬ 
ment  hemoglobin  that  is  dissolved  in  it.  The  hemoglobin 
combines  with  oxygen  and  transports  it  to  cells  through¬ 
out  the  body.  Vertebrates,  such  as  humans,  also  have  he¬ 
moglobin  in  their  blood;  however,  there  is  one  major  dif¬ 
ference.  The  hemoglobin  in  vertebrate  blood  is  found 
inside  special  cells  (red  blood  cells)  that  flow  in  the  blood, 
not  in  the  liquid  as  in  the  earthworm. 


26—20  Gas  exchange  There  is  no  special  system  for 
gas  exchange  in  the  earthworm.  Gases  are  exchanged  by 
diffusion  directly  between  the  capillaries  (kap's  ler  ez) 
in  the  skin  and  the  air  in  the  soil.  Capillaries  are  tiny  blood 
vessels  with  a  wall  that  is  only  one  cell  layer  thick.  The 
moisture  on  the  skin  of  the  worm  aids  in  the  diffusion  of 
the  gases. 

After  a  heavy  rainfall  it  is  common  to  see  earthworms  on 
the  surface  of  the  ground.  The  rainwater  fills  the  air  spaces 
in  the  soil,  and  the  earthworms  have  to  come  to  the  surface 
to  obtain  oxygen  from  the  air. 


26—21  Excretion  Some  of  the  nitrogenous  wastes 
pass  directly  into  the  fluid  of  the  coelom.  Other  nitroge¬ 
nous  wastes  are  carried  in  the  blood.  In  both  cases  these 
wastes  end  up  being  eliminated  from  the  body  by  special 
excretory  organs  called  nephridia  (ni  frid'e  a).  Ne- 
phridia  are  found  in  almost  all  the  segments.  They  are  the 
forerunners  of  organs  called  kidneys,  which  are  found  in 
vertebrates. 
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26—22  Coordination  The  earthworm  has  a  much 
more  complete  nervous  system  than  the  flatworms  and 
roundworms.  It  has  a  two-lobed  brain  and  one  main  nerve 
cord,  the  ventral  nerve  cord,  that  runs  the  length  of  the 
body.  At  each  segment  there  are  swellings  of  nerve  tissue, 
the  segmental  (seg  men'tol)  ganglia,  which  have 
branches  that  extend  into  each  segment. 

The  earthworm  has  a  number  of  receptors  that  pick  up 
different  kinds  of  information.  It  has  photoreceptors  that 
detect  light  from  which  the  worm  reacts  negatively.  An¬ 
other  type  of  receptor  is  called  a  mechanoreceptor 
(mek  9  no  ri  sep'tsr),  which  detects  vibrations.  The  mech- 
anoreceptors  are  forerunners  of  organs  such  as  the  ear, 
which  detects  sound  vibrations.  A  third  type  of  receptor  is 
a  chemoreceptor  that  detects  the  presence  of  certain  chem¬ 
icals.  Chemoreceptors  are  forerunners  of  organs  that  taste 
and  smell. 

26—23  Reproduction  Earthworms  are  hermaph¬ 
roditic  and  reproduce  sexually.  The  main  female  organs 
are  the  ovaries,  which  produce  eggs.  The  chief  male  or¬ 
gans  are  the  testes,  which  produce  sperm.  Self-fertiliza¬ 
tion  does  not  occur  in  the  earthworm.  Instead,  at  certain 
times  two  worms  come  together  and  exchange  sperm.  This 
results  in  cross-fertilization. 

After  the  sperm  exchange,  each  worm  produces  a  slime 
band  around  its  clitellum.  Eggs  are  deposited  in  the  slime 
band.  Then  the  slime  band  slides  forward  and  sperm  are 
released  upon  the  eggs.  The  slime  band  continues  to  move 
forward  until  it  slides  off  the  front  of  the  worm.  Then  the 
ends  are  sealed  and  the  fertilized  eggs  develop  inside  the 
closed  capsule. 

Earthworms  also  have  limited  powers  of  regeneration.  If 
a  worm  is  cut  in  two,  the  front  half  will  often  grow  another 
back  half.  However,  the  back  half  may  grow  only  a  few 
segments,  but  it  will  develop  the  organs  found  in  the  ante¬ 
rior  part  of  the  body. 

26—24  The  leech  Another  common  segmented  worm 
is  the  leech  (class  Hirudinea).  It  is  most  often  found  in  stag¬ 
nant  or  slow-moving  bodies  of  freshwater.  The  typical 
leech  has  a  completely  different  way  of  life  than  the  earth¬ 
worm.  Most  leeches  are  free-living  for  the  majority  of  their 
lives  but  are  ectoparasites  while  they  are  feeding. 

Most  leeches  feed  by  attaching  themselves  to  a  vertebrate 
animal  and  sucking  its  blood.  Such  leeches,  called  blood¬ 
suckers,  usually  have  several  adaptations  that  help  them 
with  their  feeding.  Most  have  two  suckers  on  their  body, 
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The  leech  is  a  parasitic  annelid.  It 
lives  by  attaching  to  the  outside 
of  the  body  of  a  vertebrate  animal 
and  sucking  the  blood. 


one  surrounding  the  mouth  and  another  at  the  posterior 
end  of  the  body.  The  suckers  help  them  to  remain  attached 
to  the  host  while  they  are  feeding.  Another  typical  adapta-  i 
tion  is  a  set  of  sharp  jaws  that  enable  the  leech  to  cut  the 
skin  of  the  host.  Also  the  mouth  may  secrete  a  special 
chemical  that  is  both  an  anticoagulant  and  a  pain  killer. 
That  way  the  leech  can  continue  to  feed  on  freely  flowing 
blood  without  the  host  animal  knowing  it  is  present.  A  fi¬ 
nal  adaptation  is  the  ability  of  the  bloodsucker  to  stretch  its 
body  to  two  or  three  times  its  normal  size  as  it  is  feeding. 
That  way,  after  it  falls  off  the  host  body,  it  may  not  have  to 
find  another  host  and  eat  again  for  several  months. 

Years  ago  it  was  normal  for  every  local  pharmacy  to  j 
have  a  jar  of  bloodsuckers,  called  medicinal  leeches,  for 
sale.  These  leeches  were  bought  by  people  who  applied 
them  to  their  skin  to  get  rid  of  blood.  Excess  blood  was 
thought  to  be  the  cause  of  a  number  of  different  ailments.  I 
The  process  called  blood  letting,  or  the  removal  of  blood, 
was  thought  to  be  beneficial.  Leeches  were  used  instead  of 
other  techniques  because  they  did  the  job  painlessly. 


CHECK  YOUR  FACTS 

1.  What  are  septa?  What  is  the  clitellum? 

2.  What  structure  is  found  at  the  anterior  end  of  the  earth¬ 
worm?  What  is  its  function? 

3.  What  are  setae  and  how  do  they  function? 

4.  Trace  the  path  of  food  in  the  earthworm  from  the  mouth 
to  the  anus. 

5.  What  is  hemoglobin?  Where  is  it  found  in  earthworms?  In 
vertebrates? 
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SUMMARY 


I - 

The  most  primitive  of  the  worms  are  the  flatworms— members 
of  phylum  Platyhelminthes.  Unlike  the  more  primitive  ani¬ 
mals,  flatworms  have  three  distinct  body  layers  and  well-de¬ 
veloped  organs.  Two  groups  of  flatworms,  the  flukes  and  the 
tapeworms,  are  parasites.  The  members  of  the  phylum  Nema- 
toda,  called  roundworms  or  nematodes,  are  the  most  abun¬ 
dant  of  the  worms.  Advances  seen  in  this  phylum  include  a 
full  digestive  tube  with  both  a  mouth  and  an  anus,  a  tube- 
within-a-tube  structure,  and  a  pseudocoel.  The  segmented 
worms,  or  annelids,  include  the  earthworm  and  the  leeches. 
They  represent  many  advancements  over  the  other  worms. 


REVIEW  QUESTIONS  

1.  To  what  phylum  do  these  organisms  belong:  Ascaris, 
Planaria,  leech,  Chinese  liver  fluke,  trichina  worm? 
Which  are  the  most  primitive? 

2.  In  which  phylum  do  we  first  see  the  following:  a  second 
opening  in  the  digestive  tube— the  anus;  blood;  a  pseu¬ 
docoel;  a  coelom;  three  distinct  body  layers;  ganglia; 
nephridia? 

3.  The  leech  and  the  beef  tapeworm  represent  two  differ¬ 
ent  groups  of  parasites.  What  are  these  groups?  How  are 
these  two  animals  equipped  to  adhere  to  their  host? 

4.  List  the  intermediate  hosts  of  the  Chinese  liver  fluke  and 
the  beef  tapeworm.  Does  Ascaris  have  an  intermediate 
host? 

5.  What  part  of  the  body  is  developed  from  the  mesoderm 
in  higher  animals? 

6.  In  what  ways  is  the  digestive  system  of  earthworms  more 
advanced  than  that  of  planarians? 

7.  Name  five  structures  that  are  likely  to  be  found  in  any 
one  segment  of  an  earthworm.  List  one  function  of  each. 

8.  What  structures  make  up  the  main  body  of  the  beef  tape¬ 
worm?  What  function  do  these  units  serve? 

9.  Using  the  earthworm  as  an  example,  give  two  reasons 
why  the  coelom  is  an  important  advancement. 

10.  List  four  adaptations  that  help  leeches  survive. 


ANALYSIS  AND  APPLICATION 

1.  Animals  such  as  the  beef  tapeworm  produce  great  quan¬ 
tities  of  eggs.  Why,  do  you  think,  is  this  so? 

2.  Why  are  earthworms  beneficial  to  many  plant  popu¬ 
lations? 


Echinoderms 


Phylum  Mollusca 

27—1  General  characteristics  Phylum  Mollusca 
includes  over  100  000  species  and  is  the  second  largest  of 
all  the  animal  phyla.  The  members  of  this  phylum  are 
called  mollusks,  or  “soft-bodied  animals.”  They  include 
snails,  slugs,  clams,  oysters,  squids,  and  octopuses.  Most  of 
the  mollusks  live  in  marine  waters,  but  some  live  in  fresh¬ 
water  and  a  few  live  in  moist  terrestrial  areas. 

The  mollusks  include  some  of  the  largest  and  most  in¬ 
telligent  of  all  the  invertebrates.  The  giant  squid,  which 
lives  deep  in  the  ocean  and  is  seldom  seen,  may  be  up  to 
15  m  long.  Squids  and  octopuses  have  relatively  large 
brains.  Captive  octopuses  have  been  trained  to  respond  to 
both  reward  and  punishment. 

Mollusks  also  include  some  important  food  animals. 
Snails  are  highly  regarded  as  food  in  many  countries.  In 
North  America  they  are  found  on  menus  of  some  restau¬ 
rants  as  escargots  or  abalones.  Oysters,  clams,  and  scallops 
are  popular  seafoods.  Small  squids  are  highly  prized  in 
many  countries  and  are  often  cooked  in  sauces  made  from 
the  black  ink  stored  in  their  body. 

One  unique  characteristic  of  the  mollusks  is  the  pres¬ 
ence  of  a  muscular  foot.  Mollusks  such  as  snails  and  clams 
use  the  foot  for  locomotion.  Squids  and  octopuses  have  a 
foot  that  is  modified  into  arms  with  suckers,  which  are 
used  to  capture  prey. 

A  second  unique  characteristic  of  mollusks  is  a  structure 
called  the  mantle.  The  mantle  is  a  fold  of  tissue  on  the 
dorsal  surface  of  the  body  that  covers  the  internal  organs. 
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In  most  mollusks  the  mantle’s  main  function  is  the  produc¬ 
tion  of  a  limestone  shell  for  the  protection  of  the  animal. 

A  third  characteristic  of  mollusks  is  their  well-developed 
gas  exchange,  or  respiratory,  system.  With  animals  as  large 
as  most  mollusks,  it  is  not  possible  for  simple  diffusion 
through  the  skin  to  supply  adequate  oxygen.  The  respira¬ 
tory  systems  of  mollusks  vary  depending  upon  where  they 
live.  Aquatic  animals  have  organs  called  gills,  which  have 
a  large  surface  area  and  are  full  of  capillaries.  Gases  diffuse 
across  a  thin  membrane  that  covers  the  gills  and  capil¬ 
laries. 

Large  animals  also  need  an  efficient  transport  system  to 
make  sure  all  cells  obtain  food  and  oxygen.  The  transport 
system  in  mollusks  is  a  very  efficient  circulatory  system, 
which  includes  a  two-  or  three-chambered  heart. 

27—2  The  gastropods  The  members  of  the  largest 
group  of  mollusks  are  called  gastropods  (class  Gastro¬ 
poda).  The  name  means  “stomach-footed  animal,”  a  good 
descriptive  name.  Snails  have  a  large  foot  on  their  ventral 
side.  The  foot  secretes  a  bed  of  slimy  mucus,  on  which  the 
snail  glides  with  the  help  of  cilia  on  the  foot.  However, 
snails  are  not  known  for  their  rapid  movement,  hence  the 
common  expression  that  a  slow  person  moves  at  a  “snail’s 
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FIGURE  27-1 

The  internal  anatomy  of  a  snail,  a 
typical  gastropod  mollusk,  is 
shown  in  this  illustration. 
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pace.”  Actually  snails  do  not  need  to  move  rapidly  to  pro¬ 
tect  themselves.  When  danger  threatens,  the  snail  with¬ 
draws  into  its  curved  shell,  where  it  is  usually  safe  from  its 
predators. 

Snails  have  a  well-developed  head  with  two  pairs  of  re¬ 
tractable  tentacles.  On  the  tips  of  the  posterior  pair  of  ten¬ 
tacles  are  two  eyes.  Both  pairs  of  tentacles  have  mecha- 
noreceptors  that  are  sensitive  to  touch. 

Just  behind  the  mouth,  in  the  floor  of  the  pharynx,  is  one 
of  the  snail’s  most  unique  organs.  This  organ,  called  the 
radula,  is  covered  with  rows  of  tiny  teeth  and  can  be  ex¬ 
tended  like  a  tongue.  Most  snails  feed  on  plants,  and  the 
radula  is  used  to  scrape  plant  matter  and  carry  it  back  into 
the  pharynx. 

Snails  secrete  a  variety  of  different  shells  from  their 
mantle.  Some  of  the  large  seashells  and  conch  shells  have 
many  interesting  shapes  and  are  valuable  for  decorative 
purposes.  Slugs  are  close  relatives  of  snails  that  do  not  pro¬ 
duce  shells. 


The  snail’s  shell  serves  a 
protective  function,  since  the 
snail  can  withdraw  into  it  if 
danger  threatens.  Slugs  are  close 
relatives  of  snails. 


27—3  Snails:  internal  functions  Most  internal 
systems  of  snails  are  similar  to  but  more  advanced  than 
those  in  the  segmented  worms.  The  digestive  tube  includes 
a  pharynx  and  a  crop.  It  also  includes  a  muscular  stom¬ 
ach,  which  is  both  a  food-grinding  and  a  digestive  organ. 
Beyond  the  stomach  is  a  coiled  intestine,  where  digestion 
continues  and  nutrients  are  absorbed. 
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Gas  exchange  in  most  snails  occurs  in  gills.  Also  many 
freshwater  and  terrestrial  snails  have  in  the  mantle  a  cavity 
that  functions  as  a  primitive  type  of  lung.  Such  a  lung  is 
basically  an  air  space  that  is  surrounded  by  capillaries, 
where  oxygen  and  carbon  dioxide  can  be  exchanged. 

Snails  have  an  efficient  circulatory  system,  with  a  two- 
chambered  heart  as  a  pump.  The  nervous  system  is  well 
developed,  with  a  cerebral  ganglion  near  the  pharynx. 
Like  earthworms,  snails  are  hermaphroditic  and  reproduce 
sexually  after  a  sperm  exchange  that  results  in  cross¬ 
fertilization. 

27—4-  The  bivalves  A  second  major  group  of  mol- 
lusks  includes  animals  called  bivalves  (class  Pelecy- 
poda).  Common  bivalves  are  clams,  oysters,  and  scallops. 
They  get  their  name  from  their  unique  shell,  which  is 
made  up  of  two  halves  or  “valves.”  The  two  valves  are 
hinged  and  are  attached  to  powerful  muscles  that  can  snap 
them  shut  when  danger  threatens. 

The  bivalves  are  unlike  most  of  the  other  mollusks  be¬ 
cause  they  lack  a  head.  They  are  filter-feeders,  like  the 
sponge.  Inside  their  body  are  tubes  lined  with  cilia,  which 
create  a  steady  flow  of  water  through  their  body.  The  flow¬ 
ing  water  brings  food,  which  is  filtered  out  and  passed 
through  their  digestive  system.  The  moving  water  flows 
over  gills,  where  gas  exchanges  occur. 

The  scallop,  shown  below,  is  an  example  of  a  bivalve  mollusk.  Many 
bivalves,  including  scallops,  clams,  and  oysters,  are  good  food  sources. 


The  giant  clam  of  the  South 

Bivalves  such  as  the  clam  have  an  interesting  type  of  lo-  Pacific  may  measure  over  1 .5  m 
comotion.  They  extend  their  large  muscular  foot  beyond  ^diameter  and  can  weigh  over 
their  shell  and  into  mud  or  sand.  Next,  the  tip  of  the  foot  is  <s' 

filled  with  blood  and  it  swells,  forming  an  anchor.  Then 
the  muscles  in  the  foot  are  contracted,  pulling  the  animal 
forward. 

Bivalves  such  as  clams,  oysters,  and  scallops  are  impor¬ 
tant  sources  of  food.  Certain  kinds  of  oysters,  called  pearl 
oysters,  are  valuable  because  of  the  pearls  that  they  grow. 

The  actual  pearl  results  when  a  foreign  object  enters  the 
area  between  the  shell  and  the  mantle.  The  oyster  protects 
itself  by  secreting  layers  of  material  called  mother-of-pearl 
around  the  foreign  object.  After  several  years  that  multi¬ 
layered  object  becomes  the  jewel  that  we  know  as  a  pearl. 

In  the  early  part  of  this  century  the  Japanese  found  a  way 
to  get  pearl  oysters  to  grow  pearls.  They  plant  tiny  grains 
of  mother-of-pearl  in  the  oysters,  then  put  them  in  wire 
cages  in  selected  parts  of  the  ocean  where  they  can  later  be 
found.  Within  a  few  years  many  of  the  oysters  will  grow 
what  have  come  to  be  called  cultured  pearls. 

27—5  The  cephalopods  The  members  of  the  third 
major  group  of  mollusks  are  called  cephalopods  (class 
Cephalopoda),  which  means  “head-footed  animals.”  The 
cephalopods  have  their  foot  divided  into  arms  with  suck¬ 
ers.  The  squid  is  a  cephalopod  with  ten  arms.  The  octopus, 
another  cephalopod,  has  eight  arms.  As  mentioned  earlier, 
some  squids  are  very  large.  But  so  are  some  octopuses, 
which  may  reach  diameters  of  9  m.  These  are  extremely 
dangerous  to  divers  in  some  regions  of  the  Pacific. 
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SCIENCE  TERMS 


foot 

mantle 

gills 

radula 

stomach 

lung 

camera  eye 

The  giant  squid,  a  relative  of  the 
small  squid  shown  here,  is  the 
largest  invertebrate  in  the  world, 
reaching  a  weight  of  over  1  800  kg. 


The  cephalopods  have  several  interesting  adaptations 
that  enable  them  to  escape  predators.  The  squid  has  a  way 
of  shooting  water  out  of  its  body  that  causes  a  movement 
like  jet  propulsion.  Both  squids  and  octopuses  have  ink 
sacs  that  can  be  emptied  to  produce  a  black  cloud,  behind 
which  they  can  escape  from  predators.  The  ink  also  may 
paralyze  the  predator’s  sense  of  smell.  Also  both  animals 
have  pigment  bodies  in  their  skin  that  can  be  enlarged  or 
contracted.  This  allows  them  to  change  color  and  blend 
with  their  surroundings.  Ninety  percent  of  the  squids  are 
luminescent,  that  is,  they  give  off  light.  Zoologists  are  not 
sure  how  this  adaptation  helps  them. 

The  most  remarkable  adaptation  of  the  cephalopods  is 
their  eye.  It  is  called  a  camera  eye  because  it  has  a  lens 
that  can  change  its  focus.  Such  a  camera  eye  is  not  found  in 
any  other  invertebrate  animals.  However,  it  is  very  similar 
to  the  camera  eye  of  vertebrates  except  for  one  difference. 
Our  own  camera  eye  can  focus  because  of  muscles  that 
change  the  thickness  of  the  lens.  In  the  cephalopod  camera 
eye  the  focus  is  changed  by  sliding  the  lens  back  and  forth. 
This  latter  method  is  how  an  actual  camera  focuses.  There¬ 
fore  the  cephalopod  eye  is  actually  more  like  a  camera  than 
is  our  own  eye. 


While  some  species  of  Octopus  grow  quite  large,  most  species  are  fairly 
small  and  not  aggressive  toward  humans. 
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CHECK  YOUR  FACTS 

1.  Describe  the  mantle  and  state  its  function. 

2.  What  are  gills? 

3.  How  does  the  foot  function  in  gastropods?  In  cephalo- 
pods? 

4.  What  is  a  radula? 

5.  What  digestive  organ  is  found  in  gastropods  that  is  lacking 
in  annelids? 

6.  How  are  bivalves  unlike  other  mollusks? 

7.  Name  two  ways  in  which  bivalves  are  of  economic  value 
to  humans. 


Phylum  Echinodermata 

27—6  General  characteristics  The  members  of 
phylum  Echinodermata  are  called  echinoderms,  which 
means  “spiny-skinned  animals.”  The  spines  found  in  ech¬ 
inoderms  are  outgrowths  from  an  internal  skeleton,  which 
is  made  up  of  limestone  plates  of  different  sizes.  The  pres¬ 
ence  of  the  internal  skeleton  is  one  of  the  main  character¬ 
istics  of  echinoderms. 

Another  characteristic  of  echinoderms  has  to  do  with 
where  they  live— their  habitat.  All  of  them  live  in  marine 
waters.  Phylum  Echinodermata  is  the  only  major  animal 
phylum  that  does  not  have  even  one  species  living  in  fresh 
water  or  on  land. 

A  third  major  characteristic  of  echinoderms  is  their  body 
symmetry.  Adult  echinoderms  have  radial  symmetry,  often 
with  five  arms,  or  arms  in  multiples  of  five.  They  have  no 
head  or  a  region  that  could  be  compared  to  a  head.  Larval 
echinoderms,  which  are  incompletely  developed,  have  bi¬ 
lateral  symmetry. 

The  fourth  major  characteristic  of  echinoderms  is  truly 
unique  within  the  animal  kingdom.  This  characteristic  is 
their  water-vascular  system,  which  is  a  network  of 
water-filled  tubes  in  the  coelom  of  their  body.  Also  unique 
are  the  tube  feet,  which  are  connected  to  the  water- 
vascular  system  and  are  used  for  locomotion  by  some  ech¬ 
inoderms.  Both  the  water-vascular  system  and  the  tube  feet 
will  be  discussed  in  more  detail. 

27—7  The  starfish  One  of  the  best-known  echino¬ 
derms  is  the  starfish,  which  is  also  called  the  sea  star  (class 
Asteroidea).  Starfishes  are  common  in  the  shallow  waters 
along  the  seashore.  They  usually  have  five  arms  and  range 
in  diameter  from  1  cm  to  100  cm. 
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The  starfish  has  two  main  body  regions:  the  central  re¬ 
gion,  or  disk,  and  the  arms.  The  mouth  is  on  the  under¬ 
side  of  the  disk.  Also  on  the  underside  of  the  starfish  are 
deep  grooves  that  extend  from  the  tip  of  each  arm  to  the 
mouth. 

27—8  The  water-vascular  system  Inside  the  coe¬ 
lom  of  the  starfish  is  a  network  of  closed  tubes,  or  canals, 
that  make  up  the  water-vascular  system.  In  each  arm  there 
is  a  canal  that  is  connected  to  two  rows  of  tube  feet.  To 
imagine  how  the  system  works,  think  of  blowing  up  an  an¬ 
imal  balloon  with  little  feet  on  it.  You  first  blow  and  inflate 
the  main  part  of  the  balloon.  Then,  with  a  little  more  pres¬ 
sure,  the  little  feet  pop  out.  The  tube  feet  operate  some¬ 
what  the  same  way.  Water  is  always  under  some  pressure 
in  the  canals  of  the  water-vascular  system.  The  pressure  is 
created  by  the  squeezing  action  of  muscles.  With  increased 


The  starfish  is  the  most  familiar  member  of  the  phylum  Echinodermata. 
What  type  of  symmetry  does  this  animal  have? 


MUSCULAR  FOOT 


FIGURE  27-2 

The  water- vascular  system  of  a  starfish  and  its  relationship  to  the  tube  feet 
are  shown  in  this  diagram. 


pressure  in  one  of  the  arms,  the  water  is  forced  into  the 
hundreds  of  tube  feet  and  they  expand,  or  pop  out.  On  the 
ends  of  the  tube  feet  there  are  suckers,  which  can  firmly  at¬ 
tach  the  tube  feet  to  solid  objects. 

Starfish  locomotion  is  the  result  of  expansion  and  con¬ 
traction  of  the  tube  feet.  When  the  tube  feet  are  expanded, 
they  reach  out  and  attach  to  a  solid  object.  Then,  when 
they  are  contracted,  the  starfish  is  pulled  forward. 

Starfishes  also  use  their  tube  feet  to  obtain  food.  Among 
their  favorite  foods  are  bivalves  such  as  clams  and  oysters. 
To  obtain  this  food  they  crawl  upon  a  clam,  for  example, 
and  the  clam  immediately  snaps  shut  its  hinged  shell.  Then 
a  tug-of-war  begins,  with  the  tube  feet  pulling  on  the 
valves  and  the  clam  using  all  its  muscular  strength  to  keep 
its  shell  closed.  Eventually  the  starfish,  with  its  hundreds  of 
tube  feet,  manages  to  create  a  small  opening.  A  space  only 
1  mm  or  less  is  all  that  is  needed  for  the  starfish  to  eat  the 
clam. 

27—9  Feeding  and  digestion  Just  inside  the 
mouth  of  the  starfish  is  a  thin  saclike  structure  called  the 
stomach.  After  a  starfish  pries  open  a  bivalve,  one  region  of 
the  stomach  turns  inside  out,  moves  through  the  thin 
opening  between  the  valves,  and  surrounds  the  organs  of 
the  clam  or  oyster.  Then  enzymes  are  secreted,  which  kill 
and  digest  the  victim.  The  softened  material  is  then  pulled 
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Bivalve  mollusks,  such  as  these  mussels,  are  a  favorite  food  of  the 
starfish.  Because  of  this,  the  starfish  comes  into  conflict  with  humans. 

i 

inside  where  it  is  finally  digested.  It  is  then  absorbed  in  a 
short  intestine.  The  wastes  are  released  through  the  anus, 
which  is  located  on  the  top  surface  of  the  starfish  disk. 

i 

27—10  Gas  exchange  and  transport  Gas  ex¬ 
change  in  the  starfish  occurs  between  the  seawater  and  the 
skin  gills,  which  are  tiny  fingerlike  projections  on  the 
top  surface  of  the  starfish.  The  skin  gills  are  thin-walled  ex¬ 
tensions  of  the  coelom,  which  is  filled  with  fluid. 

The  coelom  itself  is  lined  with  ciliated  cells  that  keep  the 
coelomic  fluid  in  constant  motion.  It  is  this  movement  of 
the  coelomic  fluid  that  is  mainly  responsible  for  trans¬ 
porting  nutrients,  oxygen,  and  wastes.  Also  in  the  coelo¬ 
mic  fluid  are  amoeboid  cells  that  move  about  and  help 
transport  certain  wastes  through  the  skin  gills.  The  starfish 
does  not  have  a  circulatory  system  with  blood  vessels  and 
a  heart,  like  the  mollusks. 

27—11  Coordination  The  starfish  has  a  very  simple 
nervous  system.  It  has  one  ring  of  nerves  around  the 
mouth.  This  nerve  ring  is  connected  to  five  radial  nerves, 
one  in  each  arm.  At  the  tip  of  each  arm  is  a  photoreceptor. 

It  is  a  simple  eye  that  can  detect  light  but  probably  not 
shapes  or  movements  of  objects. 


27—12  Reproduction  The  sexes  are  separate  in  the 
starfish.  Reproduction  results  after  males  and  females  re¬ 
lease  their  sperm  and  eggs  directly  into  the  seawater, 
where  fertilization  occurs.  The  resulting  fertilized  egg  then 
develops  into  an  intermediate  stage,  which  is  a  ciliated 
larva.  This  larva,  which  has  bilateral  rather  than  radial 
symmetry,  swims  around  for  several  weeks.  Then  it  settles 
to  the  bottom  and  develops  into  a  small  starfish. 

The  starfish  has  tremendous  powers  of  regeneration.  If  a 
single  arm  with  any  part  of  the  disk  breaks  off,  it  can  grow 
into  a  whole  new  starfish. 

27—13  Starfish  as  pests  The  commercial  collect¬ 
ing  and  growing  of  bivalves,  particularly  oysters,  is  a  major 
industry  along  the  seacoasts  of  several  countries.  For  the 
people  in  this  industry,  starfishes  are  often  a  problem.  One 
starfish  can  eat  up  to  a  dozen  oysters  each  day.  Therefore 
the  starfishes  are  in  direct  competition  with  the  industry 
and  they  are  looked  upon  as  pests. 

Several  years  ago  a  strong  attempt  was  made  to  reduce 
the  number  of  starfishes  in  certain  clam  and  oyster  beds. 
Many  were  caught  and  were  broken  into  pieces  in  an  effort 
to  kill  them.  Imagine  the  surprise  when  it  was  discovered 
that  regeneration  had  greatly  increased  the  number  of  star¬ 
fishes! 

Now,  one  technique  of  combating  the  starfish  pest  is  to 
scatter  lime  over  the  clam  or  oyster  beds.  The  lime  causes 
the  outside  layer  of  the  starfish  body  to  break  down,  and 
eventually  the  animals  die. 

27—14  Other  echinoderms  The  largest  group  of 
echinoderms  includes  the  brittle  stars  (class  Ophiuroidea). 
These  animals  have  a  circular  disk  and  slender,  highly 
movable  arms  that  are  easily  broken.  The  brittle  stars  have 
a  great  ability  to  regenerate  new  arms  and  often  are  ob¬ 
served  with  arms  in  the  process  of  being  regrown.  The 
brittle  stars  are  the  most  active  of  all  echinoderms.  They 
can  sometimes  be  found  in  huge  numbers  in  certain  types 
of  shallow  water. 

Another  common  echinoderm  is  the  sea  urchin  (class 
Echinoidea),  which  is  truly  a  spiny-skinned  animal.  The 
sea  urchin  has  long  spines  sticking  out  from  its  body  in  all 
directions.  It  looks  somewhat  like  a  pin  cushion.  Some  sea 
urchins  release  a  poison  from  their  spines  that  is  painful  to 
humans.  A  close  relative  of  the  sea  urchin  is  the  sand  dol¬ 
lar,  which  has  a  flattened  skeleton  and  short  spines. 

The  sea  cucumber  (class  Holothuroidea)  is  one  of  the 
weirdest  of  the  echinoderms.  Like  the  sea  urchin,  it  has  no 
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The  brittle  star  (top  left),  the  sea  cucumber  (top  right),  and  the  sea  urchin 
(above)  are  all  members  of  the  phylum  Echinodermata. 


arms.  But  it  has  no  spines  either.  It  does  have  tentacles  that  i 
surround  the  mouth  and  capture  prey.  The  sea  cucumber 
lies  on  its  side  in  mud  or  slime  and  looks  very  much  like  j 
the  vegetable  after  which  it  is  named.  It  is  the  most  soft- 
bodied  of  all  the  echinoderms.  Its  internal  skeleton  is  noth¬ 
ing  more  than  microscopic  particles  of  limestone  scattered 
through  the  body  wall. 


400 


CHECK  YOUR  FACTS 

1.  What  are  four  characteristics  of  the  echinoderms  that  dis¬ 
tinguish  them  from  other  animals? 

2.  When  do  echinoderms  show  bilateral  symmetry? 

3.  Where  are  the  mouth  and  anus  located  in  the  starfish? 

4.  What  structures  make  up  the  water- vascular  system? 

5.  What  are  two  functions  of  the  water-vascular  system? 

SUMMARY 

. — .  i  . - - . . . . . . . . . —  . . 

Phylum  Mollusca  is  the  second  largest  of  all  the  animal  phyla, 
with  over  100  000  species.  Most  live  in  marine  waters.  They 
are  characterized  by  a  muscular  foot,  a  mantle  and  the  shell  it 
produces,  a  well-developed  respiratory  system,  and  an  ef¬ 
ficient  circulatory  system.  Members  of  phylum  Echinodermata 
are  all  marine  animals.  They  show  radial  symmetry  as  adults 
and  have  arms  in  multiples  of  five.  They  have  an  endoskeleton 
of  limestone  and  a  unique  water-vascular  system. 

REVIEW  QUESTIONS 

1.  Name  three  groups  of  mollusks  and  give  examples  of 
each. 

2.  List  two  things  a  snail  and  an  octopus  have  in  common 
that  would  support  their  classification  as  members  of  the 
same  phylum. 

3.  What  group  of  mollusks  has  a  method  of  locomotion  that 
resembles  that  of  the  starfish?  Explain. 

4.  Describe  how  snails,  clams,  and  squids  obtain  their  food. 

5.  Suppose  your  job  is  to  capture  a  squid  alive.  List  adapta¬ 
tions  of  the  squid  that  would  make  this  task  difficult. 

6.  What  would  you  look  for  if  you  were  trying  to  identify 
an  animal  as  an  echinoderm? 

7.  Describe  the  operation  of  the  water- vascular  system. 

8.  The  starfish  does  not  have  a  heart.  How  does  it  achieve 
its  transport  requirements? 

9.  How  is  digestion  in  the  starfish  vastly  different  from  that 
in  other  organisms? 

10.  Name  four  echinoderms  other  than  the  starfish. 


ANALYSIS  AND  APPLICATION 

1.  Mollusks  form  a  large  part  of  the  fossil  record.  Can  you 
guess  why  this  is  so?  Which  mollusks  are  the  least  likely  to 
be  found  as  fossils?  Why? 

2.  The  mollusks  include  several  organisms  with  a  size  and 
mass  much  greater  than  anything  found  in  more  primitive 
phyla.  What  advances  were  necessary  before  such  giant 
animals  could  exist? 
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28  The 


General  Characteristics 


28—1  The  largest  phylum  The  members  of  phy¬ 
lum  Arthropoda  are  called  arthropods,  or  “joint-footed 
animals.”  Of  all  the  phyla,  this  is  the  largest  in  number  of 
species  and  in  total  number  of  animals.  About  1  million  dif¬ 
ferent  species  of  arthropods  have  been  named  and  de¬ 
scribed.  Many  more  species  are  probably  yet  to  be  discov¬ 
ered  and  classified.  The  arthropods  include  spiders, 
scorpions,  ticks,  lobsters,  crabs,  shrimp,  millipedes,  centi¬ 
pedes,  and  insects.  The  insects  are,  by  far,  the  largest 
group  of  arthropods. 

Besides  their  great  number,  the  arthropods  also  are  the 
most  widely  distributed  group  of  animals.  Arthropods  are 
found  at  all  levels  in  the  oceans  and  on  land  from  the  poles 
to  the  tropics. 

28—2  Segmented  body  and  jointed  append¬ 
ages  One  general  characteristic  of  arthropods  is  their 
segmented  body.  Many  segments  have  jointed  appendages 
that  are  flexible  and  adapted  for  a  wide  variety  of  func¬ 
tions.  Some  appendages  are  adapted  for  walking  or  swim¬ 
ming,  which  makes  the  arthropods  much  more  mobile 
than  most  other  invertebrates.  Other  appendages  are 
adapted  for  such  things  as  digging,  clawing,  grabbing,  clasp¬ 
ing,  making  sound,  pinching,  carrying  pollen,  and  holding 
eggs. 

The  arthropods  also  have  a  head  that  is  greatly  advanced 
over  most  other  invertebrates.  The  head  also  may  have  a 
variety  of  appendages,  which  are  usually  adapted  to  food- 


The  Rhinoceros  beetle,  shown 
below,  is  found  in  the  United 
States  from  Connecticut  west  and 
south  to  Arizona. 
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FIGURE  28-1 

In  arthropods  the  muscles  are 
attached  to  the  exoskeleton  (A). 
In  vertebates  the  muscles  are 
attached  to  the  endoskeleton  (B). 


getting  and  feeding.  The  head  is  usually  equipped  with 
many  different  receptors.  The  arthropods  are  generally 
alert  to  things  going  on  in  their  environment.  This  be¬ 
comes  obvious  when  you  try  to  catch  a  housefly.  The  re¬ 
ceptors,  mainly  in  the  head  region,  make  it  possible  for  the 
arthropod  to  be  alert.  This  is  one  major  reason  why  they 
are  so  successful. 
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28—3  The  exoskeleton  Another  major  reason  for 
the  success  of  arthropods  can  be  credited  to  their  exo¬ 
skeleton  (ek  so  skel'o  ton).  The  exoskeleton  covers  the 
outside  of  the  body. 

The  arthropod  exoskeleton  is  made  of  a  tough,  light¬ 
weight  material  called  chitin  (kl'tin).  It  performs  three 
major  functions.  First,  it  is  like  a  suit  of  armor  and  provides 
physical  protection  for  the  arthropod.  Second,  it  provides  a 
place  for  muscles  to  attach.  The  muscles  provide  the  great 
mobility  that  gives  arthropods  a  competitive  advantage 
over  most  other  animals.  Third,  the  exoskeleton  prevents 
the  body  from  drying  out,  which  is  an  important  adapta¬ 
tion  for  living  on  land.  To  appreciate  this  function  of  the 
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exoskeleton,  think  what  would  happen  if  an  animal  such 
as  the  earthworm  were  to  spend  a  summer  day  exposed  to 
the  hot  sun. 

The  chitinous  exoskeleton  has  one  great  disadvantage 
for  arthropods.  It  will  not  stretch;  therefore,  it  will  not  al¬ 
low  growth.  In  order  for  arthropods  to  grow,  they  must 
shed  their  exoskeleton  several  times  by  a  process  called 
molting  (mol'ting).  After  each  molt,  a  second  exoskel¬ 
eton  is  already  in  place,  but  for  a  time  it  is  soft  and  elastic. 
This  is  the  time  arthropods  must  grow  and  expand.  The 
time  of  molting  also  is  the  most  dangerous  time  for  most 
arthropods.  It  is  the  time  when  they  are  the  most  inactive 
and  therefore  are  the  easiest  to  catch  by  predators.  It  is  the 
time  when  they  do  not  have  their  tough  suit  of  armor  to 
protect  them. 


The  cicada  shown  in  the 
photograph  above  is  molting,  or 
shedding  its  exoskeleton. 
Molting  is  necessary  because  the 
exoskeleton  does  not  grow. 


CHECK  YOUR  FACTS 


1.  About  how  many  species  of  arthropods  have  been  identi¬ 
fied? 

2.  List  some  structures  that  help  make  the  arthropods  so  suc¬ 
cessful. 

3.  Why  are  arthropods  more  mobile  than  other  in¬ 
vertebrates? 

4.  How  is  the  arthropod  head  more  advanced  than  those  of 
most  other  invertebrates? 

5.  What  is  an  exoskeleton?  What  is  it  made  of  in  arthropods? 

6.  What  are  three  functions  of  the  exoskeleton? 
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The  Arachnids 


28—4  General  characteristics  The  arachnids 
(class  Arachnida)  include  arthropods  such  as  spiders,  scor¬ 
pions,  ticks,  and  mites.  Most  of  the  arachnids  are  predators 
that  are  highly  skilled  at  capturing  and  killing  their  prey. 
They  are  most  common  in  warm  climates,  but  they  are  sel¬ 
dom  seen  because  of  their  habit  of  hiding  in  dark  places. 

One  general  characteristic  of  the  arachnids  is  the  way 
their  body  is  divided  into  two  regions.  One  region,  called 
the  cephalothorax  (sef  9  lo  thor'aks),  is  a  combination 
of  the  head  and  the  chest  region,  or  thorax.  The  second 
body  region  is  the  abdomen  (ab'ds  man). 

A  second  general  characteristic  of  arachnids  is  their 
unique  appendages.  They  have  six  pairs  of  appendages  on 
the  cephalothorax.  The  first  pair  is  near  the  mouth  and  is 
called  chelicerae  (ka  lis'  9  rl).  The  chelicerae  have  sharp 
fangs  on  the  end  that  are  connected  to  poison  glands.  They 
are  used  to  kill  prey.  The  second  pair  of  appendages  is  the 
pedipalps  (ped'9  palps)  and  is  also  near  the  mouth. 
These  are  longer  than  the  chelicerae.  They  help  hold  and 
sometimes  crush  the  prey.  The  other  four  pairs  of  appen¬ 
dages  are  called  walking  legs,  and  they  are  farther  back 
on  the  cephalothorax.  By  counting  the  walking  legs,  it  is 
always  possible  to  tell  the  difference  between  a  spider  or 
other  arachnid  from  an  insect.  Arachnids  have  four  pairs  of 
walking  legs.  Insects  have  only  three  pairs. 

Other  general  characteristics  include  a  unique  type  of 
breathing  organ  called  a  book  lung.  There  are  two  book 
lungs,  which  are  a  series  of  thin,  flat  cavities  that  open  to 
the  outside  through  the  body  wall.  Blood  is  the  main  car¬ 
rier  of  oxygen  in  the  arachnids.  Insects  depend  upon  a 
completely  different  oxygen  transport  system,  which  is  a 
network  of  air  tubes. 

Most  arachnids  have  simple  eyes  that  can  detect  mov¬ 
ing  objects  but  probably  cannot  see  clear  images. 

28—5  The  spiders  The  most  commonly  observed 
arachnids  are  the  spiders,  which  are  all  predators.  Some 
chase  down  their  prey,  some  lay  and  wait  to  ambush  them, 
but  most  trap  their  prey  in  silk  webs  that  they  make. 

The  feeding  habits  of  spiders  are  typical  of  most  arach-  | 
nids.  Once  the  prey  is  caught,  it  is  killed  by  injections  of 
poison  through  the  chelicerae.  The  chelicerae  also  stab 
holes  in  the  exoskeleton  of  the  prey— usually  it  is  another 
arthropod.  Then  digestive  enzymes  are  secreted  through 
the  mouth,  and  the  soft  tissues  of  the  prey  are  liquified.  I 
The  liquid  is  then  sucked  into  the  stomach  by  a  muscular 


The  wolf  spider  does  not  spin  a  web.  It  lives  on  the  ground  and  pursues 
and  captures  its  prey,  mostly  insects. 


pharynx.  After  the  spider  is  finished,  the  prey  may  look  al¬ 
most  alive,  as  if  it  were  just  resting  in  the  spider  web.  Ac¬ 
tually  it  is  only  the  hollow  exoskeleton  that  remains. 

28—6  Spider  webs  Most  spiders  can  spin  webs  that 
have  a  variety  of  uses  besides  catching  prey.  Some  spiders 
line  nests  with  the  silk.  Some  females  spin  cocoons  around 
their  eggs.  Young  spiders  often  climb  up  on  a  high  object 
and  jump  off,  spinning  a  long  thread  of  silk  as  they  fall. 
Usually  the  wind  catches  this  thread,  and  the  young  spider 
may  be  transported  for  a  long  distance.  This  behavior  scat¬ 
ters  the  young  spiders  and  decreases  competition  among 
them. 

The  webs  are  made  from  a  protein  substance  produced 
in  silk  glands  and  ejected  from  the  abdomen  through  fin¬ 
gerlike  appendages  called  spinnerets  (spin'o  rets).  The 
protein  is  a  liquid  inside  the  body  of  the  spider,  but  it  turns 
to  a  solid  when  exposed  to  the  air. 


Most  spiders  spin  webs.  Insects  that  become  stuck  in  the  sticky  threads 
will  serve  as  a  meal  for  the  spider. 


The  most  beautiful  webs  are  spun  by  a  group  of  spiders 
called  orb  weavers,  of  which  the  common  garden  spider  is 
a  member.  The  webs  of  the  orb  weavers  are  usually  sym¬ 
metrical  and  are  made  up  of  geometric  patterns  that  are 
unique  for  each  species.  These  webs  are  constructed  of 
two  kinds  of  silk.  The  radiating  threads— those  that  go  out 
in  all  directions  from  the  center— are  unelastic.  They  give 
the  web  its  main  strength.  The  spiral  threads,  which  go 
around  the  center,  are  elastic  and  sticky  and  are  the 
threads  that  mainly  trap  the  prey. 

Web-spinning  spiders  have  sensory  hairs  on  their  ap¬ 
pendages  that  detect  the  vibrations  of  animals  caught  in 
their  web.  This  information  also  lets  them  know  the  size 
and  strength  of  the  victim. 

28—7  Dangerous  spiders  Most  spiders  perform  a, 
useful  service  by  destroying  insects  that  are  a  nuisance  or 
are  competitors  with  people.  However,  there  are  two  dan¬ 
gerous  spiders  in  Canada  that  can  cause  painful  bites  and, 
rarely,  death. 
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One  of  the  dangerous  spiders  is  the  female  black  widow. 
It  was  given  this  name  because  it  was  thought  that  she  ate 
the  much  smaller  male  after  mating.  That  seldom  occurs, 
but  it  is  a  characteristic  of  several  other  spiders.  The  black 
widow  is  easy  to  recognize.  It  has  a  black  body  and  a  large, 
round  abdomen  with  a  red  or  orange  hourglass  figure  on 
the  ventral  surface.  It  ranges  from  the  southern  reaches  of 
Ontario  all  the  way  to  British  Columbia,  but  is  most  common 
in  warmer  climates.  It  is  secretive  and  is  usually  found  in  dark 
corners  of  basements  and  garages.  Its  bite  causes  acute  pain 
and  other  distress,  which  medical  treatment  with  special  in¬ 
jections  can  often  relieve.  Death  occurs  rarely  from  a  black 
widow  bite. 

The  second  dangerous  spider  is  called  the  brown  re¬ 
cluse.  It  is  brown  and  smaller  than  the  black  widow.  This 
spider  has  a  fiddle-shaped  stripe  on  the  dorsal  surface  of 
the  cephalothorax.  Like  the  black  widow,  the  brown  re¬ 
cluse  prefers  dark,  protected  places.  Its  bite  produces  de¬ 
struction  of  tissue  and  a  painful  sore  that  is  slow  to  heal. 
The  bite  is  rarely  fatal.  Sightings  of  this  spider  have  oc¬ 
curred  in  Ontario,  in  the  southern  regions  of  the  province. 


The  black  widow  spider  can  be  identified  by  the  hourglass-shaped 
marking  on  its  lower  abdomen.  The  bite  of  this  spider  is  dangerous. 
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28—8  Other  arachnids  The  scorpion  is  an  arachnid 
with  a  long  tail  and  a  stinger.  These  relatives  of  the  spider 
are  active  at  night  and  live  mostly  in  dry  subtropical  cli¬ 
mates.  Their  sting  is  painful  to  humans,  but  they  are  not 
considered  dangerous. 

Ticks  and  mites  belong  to  another  arachnid  group.  They 
have  the  cephalothorax  and  abdomen  fused  into  one  re¬ 
gion  and  are  usually  without  eyes.  Ticks  suck  blood  from 
vertebrate  animals  and  can  swell  to  many  times  their  nor¬ 
mal  size.  The  wood  tick  can  carry  a  microorganism  that 
causes  Rocky  Mountain  spotted  fever,  a  serious  disease. 


The  scorpion  uses  its  stinger  to  paralyze  its  prey,  usually  insects  and 
spiders.  Scorpions  are  most  active  at  night. 


One  kind  of  mite,  which  is  much  smaller  than  a  tick, 
produces  a  troublesome  larva.  The  larva  is  called  a  chig- 
ger.  The  chigger  lives  on  the  ground  but  attaches  itself  to 
human  skin  whenever  possible.  Then  it  secretes  a  digestive 
enzyme,  which  liquifies  the  skin  and  creates  a  tiny  depres¬ 
sion.  The  chigger  sucks  up  the  liquified  tissue,  and  the  irri¬ 
tation  causes  “chigger  itch.” 


CHECK  YOUR  FACTS 

1.  Describe  the  body  segments  of  arachnids.  Where  are  the 
appendages  attached? 

2.  How  many  pairs  of  appendages  do  arachnids  have?  How 
many  of  these  are  walking  legs? 

3.  What  appendages  are  found  near  the  mouth  of  a  spider? 
What  are  they  for? 

4.  What  is  a  book  lung? 

5.  How  is  oxygen  transport  in  arachnids  different  from  that 
in  insects? 


The  Crustaceans 

28—9  General  characteristics  The  crustaceans 

(class  Crustacea)  are  hard-shelled  arthropods  that  include 
lobsters,  crayfishes,  shrimps,  crabs,  water  fleas,  and  barn¬ 
acles.  This  group  is  almost  all  aquatic,  although  a  few  live 
in  moist  terrestrial  habitats.  The  exoskeleton  of  crustaceans 
is  often  harder  than  that  of  other  arthropods  because  of 
limestone  that  is  mixed  in  the  chitin. 

One  general  characteristic  of  most  crustaceans  is  a  pair 
of  appendages  on  every  segment  of  the  body,  including  the 
abdomen.  Arachnids  and  insects  have  no  appendages  on 
the  abdomen.  A  unique  characteristic  of  crustaceans  is  the 
presence  of  two  pairs  of  antennae  on  the  head.  Most 
crustaceans  also  have  a  compound  eye,  which  is  a  charac¬ 
teristic  shared  only  by  the  insects. 

Another  characteristic  of  the  crustaceans  is  their  system 
for  gas  exchange.  All  crustaceans  breathe  through  gills, 
even  those  that  live  on  land.  The  gills  have  to  be  moist  in 
order  to  function  properly,  and  that  is  one  reason  why  ter¬ 
restrial  crustaceans  are  always  found  in  moist  habitats. 

28-10  The  crayfish  One  of  the  most  common 
freshwater  crustaceans  is  the  crayfish.  It  is  found  almost 
worldwide  in  rivers,  ponds,  lakes,  and  swamps.  It  lives  on 
the  bottom  and  sometimes  digs  burrows  along  the  shore. 
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The  crayfish  abdomen,  often  called  a  crawdad  tail,  is 
highly  prized  as  food.  Crayfishes  will  eat  almost  any  kind 
of  food,  alive  or  dead.  They  can  swim  backwards  with 
amazing  speed,  by  downward  contractions  of  their  abdo¬ 
men.  The  crayfish  differs  only  slightly  from  the  lobster, 
which  lives  in  marine  waters. 

Crayfishes  catch  their  food  with  a  pair  of  pincerlike  ap¬ 
pendages  called  chelipeds  (ke'ls  peds).  The  food  is 
brought  to  the  mouth  by  the  chelipeds,  then  torn  into 
smaller  pieces  by  jawlike  appendages  called  mandibles 
(man'da  balz).  However,  the  food  is  still  not  chewed  or  di¬ 
gested  when  it  enters  the  mouth.  Chewing  occurs  after  the 
food  reaches  the  stomach,  in  the  gastric  (gas'  trik)  mill. 
The  gastric  mill  is  made  up  of  three  teeth  that  are  operated 
by  muscles  outside  the  stomach. 

The  anterior  and  middle  regions  of  the  crayfish  are  cov¬ 
ered  by  a  single  large  plate  called  the  carapace  (kar'a 
pas).  Beneath  the  carapace  at  the  anterior  end  is  a  pair  of 
compound  eyes.  Also  there  are  two  pairs  of  antennae.  The 
compound  eyes  are  made  up  of  hundreds  of  photorecep¬ 
tors,  each  with  its  own  lens.  The  antennae  have  chem- 
oreceptors  for  taste  and  smell,  and  mechanoreceptors  to 
detect  vibrations.  Near  the  base  of  the  antennae  are  special 
organs  called  green  glands.  The  green  glands  are  excre¬ 
tory  organs  and  help  control  the  water  balance  between 
the  crayfish  and  its  environment. 

Underneath  the  back  part  of  the  carapace  are  the  gills, 
which  are  delicate  and  featherlike.  Gas  exchange  occurs 
between  the  water  and  the  blood  in  the  gills.  Oxygen  is 
transported  by  a  carrier  somewhat  like  hemoglobin,  which 
is  dissolved  in  the  blood.  When  the  crayfish  stands  in  slow- 
moving  or  stagnant  water,  it  uses  certain  appendages  to 
create  a  current  past  the  gills.  This  increases  the  amount  of 
dissolved  oxygen  reaching  the  gills. 

The  circulatory  system  of  the  crayfish  is  different  from 
that  of  the  earthworm  and  of  vertebrates  like  ourselves.  It 
is  an  open  circulatory  system.  The  open  circulatory  1 
system  has  a  one-chambered  heart,  but  the  blood  is  only  in 
closed  tubes  part  of  the  time.  When  blood  first  leaves  the  | 
heart,  it  is  in  closed  vessels  called  arteries  (a'tsr  ez).  Ar¬ 
teries  are  vessels  that  carry  blood  away  from  the  heart.  But 
soon  the  arteries  dump  all  the  blood  into  open  cavities 
called  sinuses  (sl'nos  ez).  In  the  sinuses  the  blood  bathes 
the  tissues  and  supplies  them  with  food  and  oxygen.  Con¬ 
tractions  of  the  body  move  the  blood  through  various  ves¬ 
sels  to  the  gills  and  then  to  a  sinus  near  the  heart.  The 
blood  then  flows  into  the  heart  through  little  openings 
with  one-way  valves. 


28—11  Other  crustaceans  Some  of  the  crustaceans 
are  highly  prized  sources  of  human  food.  Major  industries 
in  many  seacoast  cities  are  devoted  to  catching  lobsters, 
crabs,  and  shrimps. 

Many  crustaceans  are  very  small  or  microscopic  and 
make  up  much  of  the  marine  and  freshwater  plankton 
(plangk'ton).  Plankton  is  the  name  for  small  aquatic  or¬ 
ganisms  that  either  cannot  swim  or  swim  poorly.  As  part  of 
the  plankton,  crustaceans  are  an  important  food  source  for 
fish  and  other  aquatic  animals. 

There  is  one  crustacean  that  was  thought  to  be  a  mollusk 
for  many  years.  This  is  the  barnacle,  which  secretes  a  lime¬ 
stone  shell  around  itself  and  cements  itself  to  submerged 
objects.  Once  it  is  attached,  it  remains  sessile  and  becomes 
a  filter-feeder,  like  the  clam  and  sponge.  Barnacles  create 
problems  for  ship  owners  because  they  attach  to  the  bot¬ 
tom  of  ships.  A  heavy  growth  of  barnacles  can  slow  a  ship 
by  as  much  as  30  or  40  percent.  They  are  such  a  problem 
that  ships  must  sometimes  be  taken  out  of  the  water  or  dry- 
docked  to  have  their  barnacles  scraped  off. 


The  barnacles  attached  to  this  wooden  post  are  exposed  to  the  air  during 
low  tide.  When  submerged,  the  barnacles  live  as  filter-feeders. 
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CHECK  YOUR  FACTS 

1.  Why  are  the  exoskeletons  of  many  crustaceans  even 
harder  than  those  of  insects? 

2.  What  structures  found  on  the  abdomen  and  the  head  of 
crustaceans  are  unique  to  this  class? 

3.  Describe  the  function  of  the  chelipeds,  mandibles,  and 
gastric  mill  in  the  crayfish. 

4.  What  is  the  carapace?  What  structure  is  found  under  the 
anterior  end  of  the  carapace?  The  posterior  end? 

5.  What  do  green  glands  do?  Where  are  they  located? 


The  Insects 

28—12  The  largest  group  of  animals  The  in¬ 
sects  make  up  the  largest  group  of  arthropods  (class  In- 
secta).  In  fact,  there  are  more  different  species  of  insects 
than  of  all  plants,  protists,  monerans,  and  other  animals 
put  together.  About  800  000  different  species  of  insects 
have  been  discovered  and  classified,  and  thousands  more 
are  expected  to  be  found. 

The  specialized  science  of  studying  insects  is  called  en¬ 
tomology  (en  to  mol'o  je).  Professional  people  who 
work  with  insects  are  called  entomologists.  At  this  time  in 
our  history,  small  armies  of  entomologists  are  at  war 
against  the  insect  world.  With  our  exploding  world  popu¬ 
lation,  the  insects  are  having  more  and  more  effects  upon 
human  life.  A  great  many  insects  compete  with  humans  for 
the  same  food.  Many,  through  their  stings  and  bites,  make 
human  lives  miserable.  Some  carry  diseases,  which  can  be 
fatal. 

But  some  insects  are  helpful  to  humans.  Many  pollinate 
the  plants  that  we  depend  upon  for  food.  Others  make 
honey  and  dyes  that  we  prize.  Several  prey  upon  and  de¬ 
stroy  pests  that  would  otherwise  wipe  out  many  of  our 
farm  crops  and  orchards. 

Insects  are  mostly  land  animals.  Some  live  in  fresh  water, 
but  extremely  few  are  found  in  marine  waters.  Insects  are 
beautifully  adapted  for  life  on  the  land.  Most  are  aggressive 
and  can  move  quickly.  Also  most  of  them  can  fly,  which 
gives  them  a  tremendous  advantage  over  their  competitors, 
including  humans. 

28—13  General  characteristics  One  general 
characteristic  of  insects  is  the  division  of  their  body  into 
three  regions.  Insects  have  a  distinct  head,  thorax,  and 
abdomen. 


FIGURE  28-2  The  general  characteristics  of  the  largest  group  of 
arthropods,  the  insects,  are  typified  by  the  grasshopper. 


The  head  region  is  equipped  with  one  pair  of  antennae, 
which  contain  many  receptors.  Also  the  head  has  two 
compound  eyes  that  are  sometimes  very  large.  In  addition, 
many  insects  have  two  or  more  simple  eyes.  The  major  or¬ 
gans  on  the  head  are  the  mouthparts,  which  are  highly 
specialized  for  food-getting.  The  mouthparts  may  be 
adapted  for  piercing  and  sucking  animal  or  plant  juices,  for 
chewing,  or  for  lapping  liquids. 

The  thorax  is  the  middle  region  of  the  body.  It  has  three 
segments.  Each  of  the  three  segments  has  a  pair  of  walking 
legs.  Also,  on  most  adults,  the  last  two  segments  each  have 
a  pair  of  wings.  Only  one  major  group  of  insects  has  less 
than  two  pairs  of  wings.  The  true  flies— such  as  houseflies, 
horse  flies,  and  mosquitoes— have  only  one  pair  of  wings. 

The  abdomen  is  usually  the  longest  part  of  the  body.  The 
abdomen  of  the  adult  is  often  partly  covered  with  folded 
wings.  Each  segment  of  the  abdomen  usually  has  a  small 
opening  called  a  spiracle  (spl'ro  kol).  The  spiracle  func¬ 
tions  in  gas  exchange,  which  will  be  discussed  later.  At  the 
end  of  the  abdomen  there  may  be  various  kinds  of  struc¬ 
tures  used  in  reproduction.  One  example  is  the  oviposi¬ 
tor  (6  va  poz'o  tor),  which  is  a  long  hollow  tube  that  some 
female  insects  use  to  bury  eggs.  A  modified  ovipositor 
forms  a  stinger  in  bees,  wasps,  and  ants. 

Another  general  characteristic  of  insects  is  their  gas  ex¬ 
change  system.  It  is  called  a  tracheal  (tra'ke  ol)  system. 
It  consists  of  a  network  of  branching  tubes  that  carry  oxy¬ 
gen  directly  to  the  cells  and  carbon  dioxide  away  from 
them.  The  spiracles  are  the  openings  of  the  tracheal  sys¬ 
tem,  where  gases  enter  and  leave  the  body. 
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GRADUAL  METAMORPHOSIS 


YOUNG  NYMPH 


FIGURE  28-3 

In  gradual  metamorphosis  the 
egg  hatches  into  a  nymph.  The 
nymph  grows  and  molts  several 
times,  eventully  maturing  into  an 
adult. 


Like  the  crayfish,  insects  have  an  open  circulatory  sys¬ 
tem.  However,  there  are  no  capillaries,  and  the  system  is 
not  as  efficient  as  in  the  crayfish.  If  that  seems  strange  in 
such  a  successful  group  as  the  insects,  just  remember  one 
important  fact.  The  circulatory  system  of  insects  does  not 
have  to  furnish  oxygen.  A  heart  stoppage  has  little  immedi¬ 
ate  effect  upon  an  insect.  Oxygen  is  supplied  by  an  entirely 
different  system,  the  tracheal  system. 

Another  major  characteristic  of  insects  is  that  most  of 
them  go  through  different  stages  of  development,  called 
metamorphosis  (met  9  mor'fo  sis). 

28—14  Types  of  metamorphosis  Almost  all  in¬ 
sects  go  through  one  of  three  types  of  metamorphosis.  One 
type,  called  incomplete  (in  ksm  plet')  metamor¬ 
phosis,  is  a  three-stage  pattern.  The  metamorphosis  of  the 
dragonfly  is  an  example.  The  dragonfly  begins  life  in  an 
egg  that  is  deposited  in  the  water.  That  is  the  first  stage.  In 
the  second  stage,  called  the  naiad  (na'ad)  stage,  the 
young  dragonfly  hatches  from  the  egg  and  lives  under¬ 
water,  preying  upon  other  aquatic  animals.  The  naiad 
looks  nothing  like  the  adult  that  it  will  eventually  become. 
The  naiad  has  a  short,  squat  body,  with  a  huge  mouthpart 
that  is  somewhat  like  a  folded  shovel  with  teeth  on  it.  After 
several  months  of  growth  and  molting,  the  dragonfly  naiad 
crawls  out  of  the  water  and  molts  again.  But  this  time  the 
creature  that  crawls  out  has  a  long,  slender  abdomen;  four 
powerful  wings;  different  mouthparts;  and  huge  com-  j 
pound  eyes.  It  is  now  in  the  third  stage,  the  adult  stage,  and 
is  a  completely  different  animal. 

The  second  type  of  metamorphosis  also  is  a  three-stage 
pattern.  It  is  called  gradual  (graj'u  9l)  metamor¬ 
phosis.  The  development  of  the  cabbage  bug  is  a  good 
example  of  this  pattern.  The  cabbage  bug  begins  life  in  the 
egg  stage.  When  the  egg  hatches,  the  young  bug  enters  the 
second  stage,  the  nymph  (nimf)  stage.  The  nymph  is  al-  I 
most  exactly  like  the  adult  except  that  it  is  smaller,  without  I 
wings,  and  sexually  immature.  The  nymph  grows  and  i 
molts  several  times.  Eventually  it  molts  into  an  adult, 
which  has  wings  and  is  sexually  mature. 

The  third  type  of  metamorphosis  is  a  four-stage  pattern. 

It  is  called  complete  (ksm  plet')  metamorphosis,  and 
is,  by  far,  the  most  common  pattern.  Almost  nine  out  of 
every  ten  insects  go  through  complete  metamorphosis. ,  I 
The  beetle  is  a  typical  example.  The  beetle  begins  life  in  an 
egg.  Then  the  egg  hatches,  and  the  second  stage  is  the 
larva  (lar'vs)  stage.  The  larva  is  like  a  worm  except  for 
the  six  legs  on  its  thorax.  The  larva  of  a  true  fly  has  no  legs 
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and  is  called  a  maggot.  The  larva  grows  and  molts  and 
eventually  enters  the  pupa  (pyii'pa)  stage.  The  pupa 
stage  is  spent  inside  a  protective  case,  or  cocoon.  In  the 
pupa  stage  the  insect  undergoes  the  changes  that  will 
transform  it  into  a  completely  different  creature.  After  a 
time  the  case  breaks  open  and  the  new  creature,  sexually 
mature  and  with  wings,  emerges  as  an  adult. 

28—15  Social  insects  Most  insects  are  free-living 
and  a  few  are  parasites.  But  some  lead  a  way  of  life  that  is 
entirely  unique  among  the  invertebrate  animals.  Some  in¬ 
sects,  called  social  insects,  form  societies.  The  societies 
are  like  a  cooperative  community  where  all  the  adult  activ¬ 
ities  are  for  the  common  benefit  of  all  members. 

The  honeybee  hive  is  an  example  of  an  insect  society.  In 
the  hive  there  is  a  very  specialized  female  called  the 
queen,  who  lays  all  the  eggs.  Other,  nonreproducing  fe¬ 
males,  called  workers,  divide  the  other  tasks.  These  in¬ 
clude  nursing  the  young,  cleaning  the  hive,  and  searching 
for  flower  nectar  and  pollen.  The  males,  called  drones 
(dronz),  are  much  fewer  in  number.  They  provide  sperm 
to  fertilize  the  eggs. 

Other  social  insects  include  the  ants,  certain  other  kinds 
of  bees,  and  the  termites. 

28—16  Why  are  insects  so  successful?  Almost 
anyone  who  studies  insects  for  very  long  soon  becomes  an 
admirer  of  their  great  success.  But  why  are  they  so  much 
more  successful  than  other  animals? 


The  worker  bees  in  a  bee  hive  may  care  for  the  young,  keep  the  hive 
clean,  search  for  nectar,  and  defend  the  hive  against  invaders. 


COMPLETE  METAMORPHOSIS 


LARVA 

(CATERPILLAR) 


CHRYSALIS 

(PUPA) 


ADULT 


EGG 


FIGURE  28-4 

Most  groups  of  insects,  including 
the  beetles,  moths,  butterflies, 
bees,  wasps,  flies,  and  ants, 
undergo  complete 
metamorphosis. 
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THE  SIX  LARGEST  ORDERS 
OF  INSECTS 


CATERPILLAR 
HUNTING  BEETLE 


ORDER  COLEOPTERA,  which  includes  bee¬ 
tles  and  weevils,  is  the  largest  order.  These  in¬ 
sects  have  two  pairs  of  wings.  The  outer  pair  are 
thick  and  meet  in  a  straight  line  down  the  back. 
The  weevils  have  a  long  snout.  This  order  un¬ 
dergoes  complete  metamorphosis. 


SWALLOWTAIL 

BUTTERFLY 


ORDER  LEPIDOPTERA  includes  moths  and 
butterflies,  which  have  two  pairs  of  wings  cov¬ 
ered  with  hairlike  scales.  Moths  have  pointed 
antennae.  Butterflies  have  an  enlargement  at  the 
end  of  each  antenna.  The  insects  in  this  order 


TOBACCO 

HORNWORM 

MOTH 


MONARCH 

BUTTERFLY 


undergo  complete  metamorphosis. 


HONEYBEE 


ANT 


MUD  DAUBER 
WASP 


ORDER  HYMENOPTERA  includes  bees, 
wasps,  and  ants.  These  insects  develop  two  pairs 
of  membranous  wings  sometime  during  their 
life.  Many  insects  in  this  order  are  “social  in¬ 
sects.”  They  undergo  complete  metamorphosis. 
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HOUSEFLY 


ORDER  DIPTERA  includes  flies  and  mos¬ 
quitoes.  These  insects  have  only  one  pair  of 
wings.  This  order  includes  important  human 
pests  that  transmit  diseases.  The  insects  in  this 
order  undergo  complete  metamorphosis. 


CR 


CHINCH 

BUG 


ORDER  HEMIPTERA  has  the  only  insects 
correctly  called  “bugs.”  These  insects  have  two 
pairs  of  wings.  The  outer  wings,  which  are 
partly  membranous  and  partly  leathery,  overlap 
at  the  end  of  the  back.  Many  insects  in  this  order 
are  plant  pests.  They  use  their  sharp  beaks  to 
pierce  plants  and  suck  their  juices.  They  all  un¬ 
dergo  incomplete  metamorphosis. 


GRASSHOPPER 


KATYDID 


ORDER  ORTHOPTERA  includes  grasshop¬ 
pers,  crickets,  and  katydids.  These  insects  have 
chewing  mouth  parts.  Some  are  important  plant 
pests.  They  have  two  pairs  of  leathery  wings 
that  fold  straight  over  the  back.  They  undergo 
incomplete  metamorphosis. 


CRICKET 
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The  nature  of  the  insect  exoskeleton  helps  explain  their 
success.  We  said  earlier  in  the  chapter  that  the  arthropod 
exoskeleton  is  made  of  chitin.  In  addition,  the  insect 
exoskeleton  contains  a  material  called  sclerotin  (skli' 
rst'on).  Sclerotin  is  a  very  tough  material  that  is  almost  like 
leather.  Also,  on  the  outside  of  the  exoskeleton,  there  is  a 
thin  layer  of  waxy  material  that  waterproofs  the  exoskele¬ 
ton.  Together,  the  chitin  and  the  sclerotin  form  a  hard  pro¬ 
tective  armor.  The  waxy  material  keeps  the  insect  from  los¬ 
ing  its  internal  moisture.  This  combination  in  the 
exoskeleton  makes  the  insect  a  very  rugged  animal,  even  in 
hot,  dry  desert  climates. 

A  second  reason  for  the  great  success  of  insects  is  their 
variety  of  adaptations  for  obtaining  food.  Just  take  one  tree 
in  a  forest,  for  example.  Some  insects,  such  as  aphids  with 
piercing-sucking  mouthparts,  may  be  on  the  leaves,  suck¬ 
ing  the  juices  out.  The  same  leaves  may  have:  (1)  cater¬ 
pillars  with  mouthparts  adapted  for  chewing  olf  the  outer 
layer  of  the  leaf,  (2)  grasshoppers  with  mouthparts 
adapted  for  chewing  off  the  edges  of  the  leaves,  (3)  ants 
feeding  upon  honeylike  secretions  of  the  aphids,  and  (4) 
ladybird  beetles  eating  some  of  the  aphids.  In  addition,  on 
some  leaves  a  small  gall  wasp  may  be  secreting  a  chemical 
that  causes  a  tumorlike  growth  called  a  gall.  The  wasp  lays 
eggs  in  the  gall  and  the  young  larvae  feed  inside,  protected 
and  secure.  On  the  flowers  of  the  tree,  several  bees,  wasps, 
and  beetles  may  be  collecting  nectar  and  pollen.  On  the 
trunk  of  the  tree,  sawfly  and  wood-boring  beetle  larvae 
may  be  burrowing  under  the  bark,  feeding  on  the  new  ten¬ 
der  layers  of  wood.  The  point  of  this  example  is  that  there 
are  a  tremendous  number  of  different  food  sources  in  ter¬ 
restrial  and  freshwater  environments.  The  insects,  more 
than  any  other  group  of  animals,  have  adaptations  for  tak¬ 
ing  advantage  of  them  all! 


CHECK  YOUR  FACTS 

1.  What  is  the  specialized  science  of  studying  insects  called? 

2.  What  structures  are  found  on  the  head  of  insects? 

3.  Describe  the  thorax  and  its  appendages.  How  can  the  true 
flies  be  identified  by  studying  this  body  segment? 

4.  Describe  the  abdominal  region  of  insects. 

5.  How  do  insect  cells  receive  oxygen? 

6.  Why  is  the  circulatory  system  less  critical  in  insects  than 
in  other  animals?  Is  this  system  open  or  closed? 

7 .  What  are  the  stages  of  incomplete  metamorphosis? 


SUMMARY 


Phylum  Arthropoda  is  the  largest  and  most  widely  distributed 
of  all  the  animal  phyla.  Species  of  class  Insecta  alone  out¬ 
number  all  other  animal  species.  Arthropods  are  character¬ 
ized  by  segmented  bodies  with  jointed  appendages.  They  fea¬ 
ture  a  well-developed  head  with  various  types  of  receptors 
and  mouthparts.  Arthropods  have  a  tough  exoskeleton  that 
protects  them  well,  except  during  molting  when  they  must 
shed  their  covering  in  order  to  grow. 


REVIEW  QUESTIONS 


1.  In  what  ways  is  the  chitinous  exoskeleton  advantageous 
to  arthropods?  How  is  it  a  disadvantage? 

2.  By  what  structures  would  you  be  able  to  identify  an 
arthropod?  How  would  you  know  to  which  class  it  be¬ 
longs? 

3.  What  type  of  eyes  are  characteristic  of  each  of  the  three 
classes  of  arthropods? 

4.  Are  the  methods  of  gas  exchange  similar  among  arthro¬ 
pods?  Explain. 

5.  Compare  the  ability  of  arachnids  to  find  sources  of  food 
with  that  of  insects.  Which  of  these  classes  of  arthropods 
has  diversified  more? 

6.  How  does  the  composition  of  the  exoskeleton  vary 
among  the  arthropods?  How  do  these  differences  affect 
its  characteristics? 

7 .  Briefly  describe  the  types  of  metamorphosis  seen  in  in¬ 
sects.  Which  is  most  common? 

8.  What  are  social  insects?  Describe  the  society  in  the 
honeybee  hive. 

9.  How  are  insects  an  enemy  to  people?  How  do  they  ben¬ 
efit  people? 

10.  Why  are  the  insects  so  successful? 


ANALYSIS  AND  APPLICATION  

1.  If  a  pesticide  used  on  grasshoppers  kills  by  suffocation, 
what  structures  would  it  probably  affect? 

2.  Although  the  compound  eyes  of  insects  are  not  as  ad¬ 
vanced  as  your  own  eyes,  they  do  have  one  important  ad¬ 
vantage  over  the  camera  eye.  What  is  it? 

3.  Of  all  the  major  habitats  in  the  world,  insects  have  failed 
to  adapt  to  one  of  them.  Can  you  name  the  habitat  that  in¬ 
sects  have  failed  to  adapt  to? 
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UNIT  5  REVIEW 


1.  List  some  characteristics  of  animals  that  distinguish  them 
from  plants. 

2.  Prepare  a  sketch  of  the  body  plan  of  a  typical  sponge  and 
label  the  main  structures. 

3.  Discuss  the  methods  of  reproduction  found  in  sponges. 

4.  What  are  the  general  body  characteristics  of  coelen- 
terates  that  distinguish  them  from  most  other  groups  of 
animals? 

5.  Sketch  a  typical  hydra  and  label  the  important  bodily  fea¬ 
tures. 

6.  What  advances  have  flatworms  made  over  coelenterates? 
What  advances  have  roundworms  made  over  flatworms? 

7.  While  the  earthworm  is  the  most  familiar  member  of  the 
phylum  Annelida,  most  of  the  members  of  this  phylum 
are  aquatic.  Prepare  a  report  on  the  life  cycles  and  habi¬ 
tats  of  several  types  of  marine  annelids. 

8.  List  the  general  characteristics  of  the  phylum  Mollusca. 

9.  The  octopus  has  the  undeserved  reputation  of  being  a 
dangerous  creature.  Write  a  report  on  the  nature,  habits, 
and  habitat  of  the  octopus. 

10.  What  are  the  functions  of  the  tube  feet  in  starfishes? 

11.  Why  are  starfishes  considered  pests  by  people  in  the 
shellfish  industry? 

12.  Some  species  of  spiders  do  not  spin  webs.  Prepare  a  re¬ 
port  on  a  species  of  spider  that  does  not  spin  a  web,  con¬ 
centrating  on  how  it  captures  its  prey. 

13.  Why  are  crustaceans  considered  arthropods? 

14.  Discuss  the  various  types  of  metamorphosis  that  occur 
in  insects. 

15.  Many  studies  have  been  done  on  communication  among 
members  of  a  bee  colony.  Specifically,  a  bee  that  has  lo¬ 
cated  a  source  of  nectar  seems  able  to  indicate  to  other 
hive  members  the  direction  and  the  distance  of  the  nec¬ 
tar  from  the  hive.  Prepare  a  report  on  how  bees  are  able 
to  communicate  this  information. 

16.  Discuss  reasons  why  insects  are  so  successful  as  a  group. 
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Unit  6 


ANIMALS 

WITH 


BACKBONES 


The  vertebrate  animals  all  have  either  a 
backbone  or  a  structure  that  is 
considered  to  be  the  primitive  model  of 


a  backbone.  The  main  groups  of 
vertebrates  are  the  fishes,  the 
amphibians,  the  reptiles,  the  birds,  and 


the  mammals.  The  fishes  are  the 
dominant  animals  in  all  the  waters  of 
the  earth.  The  amphibians  try  to  bridge 


the  gap  between  life  in  the  water  and 
life  on  land.  The  reptiles  are  scaled 
animals  that  once  dominated  all  other 
forms  of  life  on  the  land.  The  birds  are 
feathered  flyers.  The  mammals,  our 


own  group  of  animals,  have  hair  and 


nurse  their  young  with  milk.  The 
vertebrates  are  the  most  advanced  and 


most  intelligent  organisms  on  the  earth. 


Fishes  and 


The  Fishes 

29—1  Introduction  to  phylum  Chordata  The 

most  complex  and  most  advanced  animals  belong  to  the 
phylum  Chordata.  These  include  fishes,  amphibians,  rep¬ 
tiles,  birds,  and  mammals. 

The  members  of  phylum  Chordata,  called  chordates, 
have  unique  characteristics.  They  all  possess  a  noto¬ 
chord  (no'ta  kord)  at  some  stage  in  their  life.  The  noto¬ 
chord  is  firm,  yet  flexible,  and  extends  the  length  of  the 
body.  It  is  a  supporting  structure  that  stiffens  the  body. 
However,  in  most  chordates  the  notochord  is  present  only 
during  periods  of  embryonic  development. 

Another  unique  characteristic  of  chordates  is  the  pres¬ 
ence  of  a  dorsal  (dor'sol)  nerve  cord.  This  nerve  cord  is 
the  main  trunk  line  for  nerve  impulses.  It  runs  the  length 
of  the  body  and  lies  above  the  digestive  tube.  Usually  the 
dorsal  nerve  cord  is  enlarged  at  its  anterior  end  to  form  a 
brain. 

The  third  characteristic  of  chordates  is  the  presence  of 
gill  slits.  Gill  slits  are  openings  in  the  pharynx  that  ex¬ 
tend  through  the  body  wall  and  to  the  outside  environ¬ 
ment.  In  many  chordates  the  gill  slits  are  present  only  dur¬ 
ing  early  embryonic  development. 

29-2  Subphylum  Vertehrata  Almost  all  the  chor¬ 
dates  belong  to  subphylum  Vertebrata  and  are  called  verte¬ 
brates.  The  vertebrates  have  all  the  chordate  character¬ 
istics.  But  they  also  have  some  unique  characteristics  of 
their  own.  The  notochord,  for  example,  often  is  not  pres- 


NOTOCHORD 


Amphioxus  is  not  a  vertebrate  but 
it  is  a  member  of  phylum 
Chordata.  The  notochord,  gill 
slits,  and  dorsal  nerve  cord 
identify  it  as  a  chordate. 
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ent  in  adult  life.  It  is  replaced  by  a  vertebral  (ver'ta  brM) 
column.  The  vertebral  column  is  a  chain  of  cartilage  or 
bone  vertebrae.  The  vertebrae  surround  the  dorsal  nerve 
cord  and  provide  support,  yet  flexibility,  for  the  body. 

Another  characteristic  of  vertebrates  is  their  skin,  or  in¬ 
tegument  (in  teg'yii  mant).  The  integument  has  two  lay¬ 
ers.  The  outside  layer  is  the  epidermis.  The  dermis  is 
the  inside  layer.  There  are  many  specialized  parts  of  the  in¬ 
tegument  to  be  found  on  vertebrates.  These  include  scales, 
claws,  feathers,  horns,  fingernails,  and  hair. 

All  vertebrates  have  a  well -developed  endoskeleton 
(en  do  skel'a  tan).  This  endoskeleton  differs  in  one  impor¬ 
tant  way  from  the  exoskeleton  of  arthropods.  The  endo¬ 
skeleton  of  vertebrates  is  alive  and  capable  of  growing 
with  the  animal.  The  exoskeleton  of  arthropods  is  non¬ 
living  and  must  be  shed  in  order  for  growth  to  occur.  The 
living  material  of  the  vertebrate  endoskeleton  is  cartilage 
or  a  mixture  of  cartilage  and  bone  or  mostly  bone.  An  im¬ 
portant  part  of  the  endoskeleton  is  the  protective  case  for 
the  brain,  which  is  called  the  cranium. 

Most  vertebrates  also  have  two  pairs  of  appendages.  Ex¬ 
amples  of  vertebrate-paired  appendages  are  fins,  legs,  flip¬ 
pers,  and  wings.  The  snakes  are  a  well-known  exception, 
but  even  they  have  paired  appendages  during  certain 
stages  of  embryonic  development. 

29—3  The  fishes  There  are  five  major  groups  of  ver¬ 
tebrates:  fishes,  amphibians,  reptiles,  birds,  and  mammals. 
The  largest  group  is  the  fishes  with  more  than  22  000  spe¬ 
cies,  which  is  more  than  the  other  four  groups  combined. 

The  fishes  are  a  very  successful  group  of  animals.  Like 
the  insects,  they  have  adaptations  for  obtaining  every  kind 
of  food  that  is  available  in  their  environment.  In  addition,  I 
they  have  excellent  sense  organs  that  enable  them  to  be 
alert  and  to  react  quickly  to  any  challenge.  They  obtain  i 
their  oxygen  through  highly  specialized  gills.  Fish  gills  are 
the  most  efficient  breathing  organs  found  in  any  animal. 

29—4  The  jawless  fishes  The  members  of  one  small  | 
group  of  fishes  are  sometimes  called  fishlike  animals  by  I 
zoologists.  This  group  of  fishes  are  the  jawless  fishes  (su- 19 
perclass  Cyclostomata),  which  include  the  lampreys  and  i 
hagfishes. 

The  lampreys  are  the  best  known  of  the  jawless  fishes.  :! 
They  lack  jaws  but  have  a  suckerlike  mouth  surrounded  by  II 
teeth.  Also  their  bodies  are  long,  rounded,  and  snakelike  in  i 
structure.  Unlike  most  other  fishes,  they  have  no  scales  on 
their  body. 


The  sea  lamprey  has  a  suckerlike  mouth  for  attaching  to  the  body  of  a 
host  fish.  Using  its  teeth,  it  gnaws  into  the  tissue  and  sucks  blood. 


The  sea  lamprey  is  a  parasite  and  probably  is  the  most 
hated  fish  in  North  America.  Years  ago  it  invaded  the  Great 
Lakes  and  killed  most  of  the  lake  trout  and  many  other  fish. 
The  sea  lamprey  kills  other  fish  by  first  attaching  itself  to 
the  fish’s  body  with  its  suckerlike  mouth.  Then  it  cuts 
holes  with  its  sharp  teeth  and  sucks  out  the  blood,  with  the 
help  of  an  anticoagulant  that  it  secretes.  At  one  time  the  sea 
lamprey  had  almost  destroyed  game  fishing  in  some  of  the 
Great  Lakes.  Now  fishing  is  improving,  partly  because  of 
programs  to  reduce  the  size  of  the  sea  lamprey  population. 

29—5  The  cartilage  fishes  Another  group  of  fishes 
includes  the  cartilage  fishes  (class  Elasmobranchii).  The 
members  of  this  group  total  about  3  000  species  of  sharks 
and  rays. 

As  the  name  suggests,  the  cartilage  fishes  have  an  endo- 
skeleton  of  cartilage.  Other  characteristics  include  a  set  of 
jaws  with  many  teeth.  Their  integument  is  also  covered 
with  tiny  teeth  that  extend  out  from  their  scales. 
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PELVIC  FINS 


CAUDAL 


FIRST  DORSAL  FIN 


SECOND 
DORSAL  FIN 


EXTERNAL  GILL 
OPENINGS 


PECTORAL 

FINS 


FIGURE  29-2  The  general  body  form  and  positions  of  the  fins  in  a 
typical  shark  are  shown  in  the  illustration  above. 


The  sharks  are  the  better-known  cartilage  fishes.  They 
have  a  streamlined  body  with  a  variety  of  fins.  They  have  a 
pair  of  pectoral  (pek'tar  si)  fins,  which  are  near  the  gill 
slits.  Also  they  have  a  pair  of  pelvic  (pel'vik)  fins,  farther 
back  on  the  body.  In  addition,  they  have  two  dorsal  fins 
and  a  nonsymmetrical  caudal  (ko'dal)  fin.  The  fins  are 
used  primarily  for  steering  purposes  as  the  shark  swims 
through  the  water. 

The  largest  fish,  and  the  second  largest  of  all  animals,  is 
the  whale  shark.  It  grows  up  to  15m  long  and  may  weigh 
as  much  as  18  000  kg.  Fortunately  for  swimmers  and  div¬ 
ers,  its  feeding  habits  are  like  that  of  the  blue  whale,  which 
is  the  largest  of  all  animals.  Both  feed  on  plankton  and  are 
harmless  to  humans. 


Most  sharks,  such  as  this  white- 
tipped  reef  shark,  are  predators. 
Some  species,  such  as  the  great 
white  shark,  will  attack  humans. 
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The  diet  of  a  sting  ray  includes 

Rays  are  mostly  bottom-dwelling  fishes.  Their  pectoral  crustaceans,  shellfish,  and  bony 

fins  are  greatly  enlarged  and  look  like  wings.  Actually  they  fish-  The  tai1  spine  of  the  stmg  ray 

ri 0  .  i  .  ,  j  contains  a  poison  dangerous  to 

function  somewhat  like  wings.  The  rays  flap  their  enlarged  humans 

pectoral  fins  up  and  down,  and  this  motion  propels  them 

through  the  water. 

Some  rays,  such  as  the  electric  ray,  produce  electric 
shocks  that  can  paralyze  their  prey.  Also  the  electric 
shocks  can  be  dangerous  to  humans.  However,  the  largest 
ray,  the  manta  ray,  looks  very  dangerous  but  is  a  harmless 
plankton-feeder,  like  the  whale  shark. 


29—6  The  bony  fishes  The  great  majority  of  fishes 
are  the  bony  fishes  (class  Osteichthyes).  They  have  a  skel¬ 
eton  mostly  of  bone,  and  their  integument  is  usually  cov¬ 
ered  with  scales.  The  catfish  is  an  example  of  a  bony  fish 
without  scales. 

The  yellow  perch  is  common  in  fresh  water  and  has  the 
typical  external  structure  of  other  bony  fishes.  It  has  paired 
pectoral  and  pelvic  fins,  large  dorsal  fins,  and  a  symmetri¬ 
cal  caudal  fin.  Also,  like  most  bony  fishes,  it  has  an  anal 
(a'nal)  fin. 

The  fins  of  the  bony  fish  often  have  strong  bony  rays, 
which  are  small  bones  that  support  the  fins  and  give  them 
rigidity.  The  rays  also  may  be  modified  into  sharp  spines 
and  used  for  protection.  The  catfish  is  an  example  of  such  a 
fish.  Also  a  certain  species  of  catfish,  called  the  walking  cat¬ 
fish,  uses  its  pectoral  fins  for  another  purpose.  It  walks  on 
them.  It  does  this  when  it  leaves  one  body  of  water  and 
walks  to  another. 

A  unique  characteristic  of  the  bony  fishes  is  the  oper¬ 
culum  (6  per'kya  lam)  that  covers  the  gills.  The  gills 
themselves  are  very  efficient.  They  may  take  as  much  as  80 
percent  of  the  oxygen  out  of  the  water  that  flows  over 
them. 


The  operculum  and  gills  are  easily 
visible  in  this  eastern  brook  trout. 
The  presence  of  an  operculum  is 
unique  to  bony  fishes. 
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SWIM  BLADDER 


FIGURE  29-3  A  simplified  illustration  of  the  internal  and  external 
anatomy  of  a  typical  bony  fish  is  shown  above. 


Another  unique  characteristic  of  bony  fishes  is  an  organ 
called  the  swim  bladder.  This  organ  contains  air,  and  by 
controlling  the  amount  of  air  in  the  swim  bladder,  the 
fishes  can  remain  at  any  depth  without  swimming.  This  al¬ 
lows  them  to  save  energy.  Sharks  do  not  have  swim  blad¬ 
ders.  Therefore,  sharks  must  constantly  swim  forward  or 
else  they  will  sink. 

29—7  Other  functions  The  fishes,  like  all  verte-  j 
brates,  have  a  closed  circulatory  system,  which  uses  he-  j 
moglobin  as  the  oxygen  carrier.  The  fishes  have  a  two- 1 
chambered  heart  that  pumps  blood  through  arteries,  veins,  1 
and  capillaries. 

The  fishes  reproduce  sexually.  The  usual  pattern  is  for 
the  female  to  lay  eggs  in  the  water  and  for  the  male  to  de¬ 
posit  sperm  over  them.  The  young  fishes  then  hatch  in  the' 
water. 

Another  reproductive  pattern  is  for  the  eggs  to  be  ferti¬ 
lized  internally.  Then  the  young  develop  inside  the  female,, 
using  the  yolk  of  the  egg  for  food.  After  they  are  developed 
they  pass  out  of  the  female’s  body;  thus  the  female  gives 
birth  to  living  young.  This  same  pattern  of  development 
also  occurs  in  certain  amphibians  and  reptiles. 
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CHECK  YOUR  FACTS 

1.  What  are  the  three  distinguishing  characteristics  of  the 
chordates? 

2 .  What  is  a  notochord?  What  are  gill  slits? 

3.  What  additional  structures  do  members  of  subphylum 
Vertebrata  share? 

4.  What  makes  up  the  vertebrate  integument? 

5.  In  what  major  way  is  the  vertebrate  endoskeleton  an  ad¬ 
vancement  over  the  exoskeleton  of  arthropods? 

6.  What  distinguishes  the  class  to  which  the  shark  belongs 
from  other  fishes? 


The  Amphibians 


29—8  Problems  on  the  land  The  amphibians 

include  such  animals  as  frogs,  toads,  and  salamanders. 
Their  name  means  “double  life,”  which  is  a  way  of  de¬ 
scribing  how  they  often  live.  Many  amphibians  spend  part 
of  their  life  in  water  and  part  of  their  life  on  land.  How¬ 
ever,  the  amphibians  are  not  very  successful  land  animals 
when  compared  with  the  insects  or  the  birds  and  mammals 
that  we  shall  study  later. 

In  at  least  three  ways,  living  on  land  is  more  difficult 
than  living  in  water.  One  problem  is  related  to  the  relative 
weight  of  an  animal  in  water  and  on  land.  An  animal 
weighs  less  in  water  than  on  land.  Therefore  body  support 
is  not  the  problem  in  water  that  it  is  on  land.  Land  animals 
of  any  size  need  a  strong  skeleton  to  support  their  body.  A 
second  problem  has  to  do  with  the  temperature  of  the  en¬ 
vironment.  Most  water  environments  have  a  uniform  tem¬ 
perature,  with  only  small  changes.  But  temperatures  on 
land  can  vary  drastically,  especially  from  season  to  season. 


The  mud  puppy  is  totally  aquatic 
and  retains  external  gills  as  an 
adult.  However,  it  also  has  lungs. 
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DIGESTIVE  SYSTEM  OF  FROG 
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CIRCULATORY  AND  EXCRETORY  SYSTEM  OF  FROG 
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JUGULAR  VEIN 


SUBCLAVIAN  ARTERY 


A  third  problem  of  living  on  land  is  the  need  to  avoid  ex¬ 
cess  loss  of  body  water  by  evaporation. 

The  amphibians  have  done  a  good  job  of  solving  only 
one  of  the  above  problems.  They  have  a  strong  bony  skel¬ 
eton  that  provides  support  for  their  body. 

Amphibians  are  not  well  adapted  for  surviving  wide 
changes  in  the  temperature  of  their  environment.  They  are 
cold-blooded,  which  means  that  their  body  will  assume 
the  same  temperature  as  that  of  the  environment.  This  is 
not  a  problem  when  the  temperatures  are  warm.  Life  func¬ 
tions  do  well  at  warm  temperatures.  However,  body  func¬ 
tions  slow  down  or  stop  at  low  temperatures.  This  limits 
the  habitats  and  seasons  where  amphibians  can  live  and  be 
active.  They  cannot  be  active  during  cold  winter  months 
and  they  cannot  live  at  all  in  the  polar  regions. 

The  integument  of  amphibians  is  permeable  to  water, 
and  they  have  only  limited  adaptations  to  keep  them  from 
drying  out  by  evaporation.  Most  of  them  live  in  moist 
habitats  where  the  evaporation  rate  from  their  body  is  re¬ 
duced.  Also  most  are  nocturnal  (nok  ter'nal),  which 
means  that  they  are  active  at  night.  During  the  day  they  are 
usually  found  under  plants,  logs,  or  stones.  Their  main 
adaptation  is  the  production  of  mucus  by  special  glands  in 
the  integument.  The  mucus  coats  the  body  and  helps  pre¬ 
vent  water  from  evaporating  through  the  skin. 

29—9  General  characteristics  Most  adult  am¬ 
phibians  have  two  pairs  of  legs,  which  are  used  for  loco¬ 
motion.  The  legs  of  salamanders  are  about  equal  in  size. 
The  legs  of  frogs  and  toads  differ  in  size,  with  the  hind  legs 
much  longer  and  adapted  for  jumping.  The  presence  of 
legs  is  a  key  adaptation  for  living  on  land,  and  a  major  ad¬ 
vancement  over  the  fishes. 

A  second  major  characteristic  of  the  amphibians  is  their 
ability  to  breathe  by  three  different  methods.  Those  that 
live  in  water  usually  breathe  with  gills.  On  the  land,  am¬ 
phibians  breathe  through  the  skin,  and  with  lungs.  The 
presence  of  lungs  is  another  major  adaptation  for  living  on 
land. 

A  third  major  characteristic  of  amphibians  is  a  double 
circulatory  system,  with  a  three-chambered  heart  as  the1 
pump.  This  circulatory  system  will  be  discussed  later. 

29—10  The  salamanders  One  main  group  of  am¬ 
phibians  is  called  the  tailed  amphibians  (order  Urodela).|| 
This  is  a  relatively  small  group  of  about  230  species,  most# 
of  which  are  found  in  North  America.  Salamanders  live  on 
water  or  on  land.  Most  that  live  on  land  return  to  the  waterll 


The  eastern  tiger  salamander 
(above)  burrows  in  soft  ground 
and  breeds  in  small  ponds.  The 
leopard  frog  (left)  breeds  in 
ponds  and  lakes.  While  it  is  often 
found  in  ponds,  at  times  it  ranges 
into  fields  and  meadows. 


to  reproduce.  The  typical  salamander  is  about  15  cm  long. 
The  largest  salamander,  the  Japanese  giant  salamander, 
reaches  a  length  of  1 .5  m. 

29-11  Frogs  and  toads  The  largest  group  of  am¬ 
phibians  is  the  group  that  includes  the  frogs  and  toads  (or¬ 
der  Anura).  The  adults  of  this  group  do  not  have  tails.  The 
frogs  vary  the  greatest  in  size.  One  species  is  small  enough 
to  lit  on  the  top  of  a  dime.  The  largest  frog  is  a  West  African 
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FIGURE  29-4 

A  chromatophore  can  either 
scatter  its  pigment,  giving  the 
skin  a  dark  appearance  (A);  or 
concentrate  its  pigment, 
giving  the  skin  a  light 
appearance  (B). 


In  tree  frogs  the  tips  of  toes  are  usually  expanded  into  sticky  disks  that 
aid  the  frog  in  moving  about  on  limbs  and  branches. 


species  with  a  body  (not  counting  legs)  up  to  30  cm  long. 

The  integument  of  frogs  is  usually  thin  and  slimy.  Toads, 
which  often  live  in  drier  habitats,  have  a  rough  integument 
covered  with  bumps,  or  “warts.”  For  both  animals  the  in¬ 
tegument  has  several  protective  functions.  It  has  mucous 
glands,  which  help  prevent  water  loss  from  the  body. 
Many  frogs  and  toads  have  poison  glands  in  the  integument 
that  help  to  protect  them  from  predators.  In  addition,  the 
integument  may  contain  chromatophores  (kro'ms  ta 
forz),  which  are  specialized  cells  that  contain  different  pig¬ 
ments.  Each  chromatophore  can  concentrate  or  scatter  its 
pigment,  thus  changing  its  color  from  dark  to  light.  With 


all  the  chromatophores  working  together,  the  animal  can 
change  color  to  blend  in  with  its  surroundings.  This  helps 
it  remain  hidden  from  its  enemies. 

29—12  The  double  circulatory  system  The  term 
circulatory  system  is  used  to  describe  a  transport  system 
where  the  blood  flows  in  a  continuous  route.  For  example, 
the  circulation  in  fishes  is  from  the  heart  to  all  parts  of  the 
body  and  back  to  the  heart. 

In  amphibians  and  in  more  advanced  vertebrates  the 
blood  takes  two  circulatory  routes.  One  route,  called  the 
pulmonary  (pul'mo  nor  e)  circulation,  is  from  the 
heart  to  the  lungs  and  back  to  the  heart.  The  pulmonary 
circulation  allows  gas  exchange  to  occur  in  the  lungs,  with 
the  blood  gaining  oxygen  and  losing  carbon  dioxide. 

The  second  route  is  called  the  systemic  (sis  tern'ik) 
circulation.  In  this  route  blood  flows  from  the  heart  to 
all  parts  of  the  body,  then  back  to  the  heart.  The  primary 
function  of  the  systemic  circulation  is  to  carry  food  and  ox¬ 
ygen  to  all  the  body  cells,  and  to  carry  away  their  wastes. 

The  amphibian  heart  has  three  chambers.  Blood  from 
the  lungs  enters  the  right  atrium  (a'tre  am).  Blood  from 
the  body  enters  the  left  atrium.  Next,  the  blood  in  both 
chambers  flows  into  the  ventricle  (ven'tra  kal),  the  bot¬ 
tom  chamber.  Here  there  is  probably  some  mixing  of  the 
blood  that  is  rich  in  oxygen  and  the  blood  that  is  low  in  ox¬ 
ygen.  From  the  ventricle  the  blood  is  then  pumped  out  of 
the  heart,  with  some  going  to  the  lungs  and  some  going  to 
the  body. 

The  amphibian  heart  is  not  considered  to  be  an  efficient 
pump.  This  is  because  blood  that  is  rich  in  oxygen  is 
mixed  in  the  same  chamber  with  blood  from  the  body.  The 
four-chambered  heart  of  more-advanced  vertebrates  is 
much  more  efficient.  The  four-chambered  heart  has  two 
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FIGURE  29-5 

The  figure  below  shows  the 
structure  of  the  frog  heart  in 
dorsal  and  ventral  views.  The 
frog’s  heart  has  only  three 
chambers. 
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ventricles,  where  blood  from  the  lungs  and  blood  from  the 
body  are  separated. 

29—13  Feeding  and  digestion  Adult  amphibians 
are  carnivores,  which  means  that  they  eat  other  animals. 
Frogs  and  toads  will  eat  about  any  kind  of  animal  that  they 
can  catch  or  swallow.  Many  are  equipped  with  a  tongue 
that  is  sticky  on  the  end  and  attached  near  the  front  of  the 
mouth.  They  can  shoot  this  tongue  out  and  catch  their 
prey,  and  they  are  often  fast  enough  to  catch  flying  insects. 
They  have  no  teeth  in  their  jaws  and  cannot  chew  their 
food.  They  may  have  a  few  teeth  in  their  throat,  but  these 
just  help  keep  their  prey  from  escaping  before  they  can  be 
swallowed. 

The  digestive  tube  of  the  adult  frog  and  toad  consists  of  a 
stomach  that  is  easily  stretched  and  a  short  intestine.  Carni¬ 
vores  always  have  a  shorter  digestive  tube  than  herbivores, 
which  are  plant  eaters.  Plant  matter  requires  more  time  for 
digestion. 

29—14  Reproduction  and  metamorphosis 

Frogs,  like  most  amphibians,  lay  eggs  in  the  water,  where 
they  are  fertilized.  During  early  development  the  eggs  are 
enclosed  in  a  jellylike  capsule.  After  about  a  week  a  tiny 
tadpole  breaks  out  of  the  jelly  and  begins  an  independent 
life.  It  swims  with  its  tail,  breathes  through  gills,  and  feeds 
on  plant  matter.  The  tadpole  continues  to  grow  and  even¬ 
tually  develops  two  pairs  of  legs.  Then  it  loses  its  tail  and 
takes  the  form  of  an  adult  frog.  Thus  there  is  a  complete 
change  of  body  form,  which  is  the  process  called  metamor¬ 
phosis.  During  metamorphosis  internal  changes  have  also 
occurred.  Lungs  have  developed,  gills  have  disappeared,  I 
and  the  long  digestive  tube  of  the  plant  eater  has  shortened 
to  that  of  a  carnivore. 


The  larval  stage  of  most  frogs  is  called  a  tadpole.  It  is  an  aquatic  organism 
and  breathes  with  qills. 


CHECK  YOUR  FACTS 


1.  Why  is  the  name  amphibian  an  appropriate  one? 

2.  In  what  ways  is  life  on  land  more  difficult  than  life  in 
water? 

3.  How  well  have  the  amphibians  adapted  to  the  problems  of 
living  on  land? 

4.  What  do  we  mean  by  cold-blooded ? 

5.  How  do  frogs  avoid  losing  excessive  water? 


SUMMARY 

The  most  complex  and  advanced  animals  are  those  in  phylum 
Chordata.  Chordates,  at  some  stage  in  their  development,  pos¬ 
sess  a  notochord,  a  dorsal  nerve  cord,  and  gill  slits.  Almost  all 
chordates  belong  to  subphylum  Vertebrata.  These  animals 
have  a  vertebral  column,  an  integument,  a  well-developed 
endoskeleton,  and  usually  two  pairs  of  appendages. 


REVIEW  QUESTIONS 

1.  What  structures  are  present  at  some  stage  of  devel¬ 
opment  in  all  chordates?  Which  of  these  are  present  in 
an  adult  frog? 

2.  How  are  vertebrates  different  from  other  chordates? 

3.  What  are  the  five  major  groups  of  vertebrates?  Which 
has  the  largest  number  of  animals? 

4.  To  which  class  do  most  fishes  belong?  How  can  they  be 
identified? 

5.  Why  must  sharks  swim  forward  constantly  to  avoid  sink¬ 
ing?  How  have  most  fishes  overcome  this  problem? 

6.  Describe  the  arrangement  of  fins  on  the  shark. 

7.  Compare  the  circulatory  systems  of  fishes  and  amphibi¬ 
ans. 

8.  Trace  the  path  of  blood  through  the  amphibian  heart. 
Why  is  this  inefficient? 

9.  Describe  metamorphosis  in  frogs. 

10.  Are  amphibians  truly  successful  land  animals?  Explain. 


ANALYSIS  AND  APPLICATION  _ 

1.  If  cold  temperatures  drastically  affect  the  ability  of  am¬ 
phibians  to  function,  how  can  we  explain  the  ability  of 
some  fishes  to  live  in  icy  mountain  lakes  and  streams? 

2.  Why,  do  you  think,  have  fishes  developed  breathing  de¬ 
vices  that  are  more  efficient  than  those  of  the  other  verte¬ 
brates? 
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30—1  Past  masters  of  the  earth  How  long  is  100 
million  years?  If  you  try  counting  to  100  million  by  thou¬ 
sands,  you  will  discover  that  100  million  is  a  very  large 
number.  Yet  that  is  the  number  of  years  that  the  reptiles 
were  the  dominant  animals  on  the  earth.  The  most  famous 
reptiles  of  that  period  were  the  huge  dinosaurs.  But  the 
fossil  record  shows  that  there  were  thousands  of  other  rep¬ 
tiles  that  were  not  as  large  as  the  monsters  we  see  in  mu¬ 
seums.  There  were  aquatic  reptiles,  creeping  reptiles, 
reptiles  that  ran  on  their  hind  legs,  and  even  reptiles  that 
could  fly.  They  were  abundant  almost  everywhere. 

About  60  million  to  80  million  years  ago,  the  reptiles 
started  to  die  out.  The  decline  occurred  over  several  mil¬ 
lion  years,  but  when  measured  by  geologic  time,  it  oc¬ 
curred  rapidly.  Now,  millions  of  years  later,  only  a  few  of 
the  original  reptiles  remain.  Some  of  these  are  nearly  iden¬ 
tical  to  fossils  that  are  over  a  hundred  million  years  old. 
The  survivors  include  lizards,  snakes,  turtles,  crocodiles, 
alligators,  and  a  rare  “living  fossil’’  called  the  tuatara. 

30—2  General  characteristics  The  reptiles  have 
several  characteristics  that  are  advances  over  the  amphibi¬ 
ans.  They  have  a  thick  exoskeleton  of  dry  scale,  which 
sometimes  has  bony  plates  underneath.  They  also  have  the 
normal  vertebrate  endoskeleton.  The  exoskeleton  helps 
prevent  water  loss  from  the  body,  an  adaptation  that  makes 
the  reptiles  better  suited  for  living  on  land  than  the  am¬ 
phibians.  Reptiles  have  few,  if  any,  mucous  glands  in  their 
integument.  Contrary  to  popular  belief,  there  is  no  such 
thing  as  a  “slimy”  snake. 


The  most  famous  and  fascinating  reptiles  were  the  dinosaurs.  The 
formidable-looking  Triceratops,  shown  above,  was  a  plant-eater. 


Many  reptiles  have  two  pairs  of  legs,  usually  with  toes 
and  claws.  The  snakes  and  some  lizards  are  exceptions.  ' 
The  legs  give  many  reptiles  a  speed  advantage  over  other 
animals.  The  toes  and  claws  give  some  reptiles  great  climb-  ' 
ing  ability7,  which  allows  them  to  live  in  trees. 

All  reptiles  breathe  with  lungs,  even  aquatic  reptiles 
such  as  crocodiles.  None  have  gills,  and  skin  breathing  is  ( 
rare. 

The  reptile  heart  is  more  efficient  than  the  heart  of  the 
amphibian.  Most  reptiles  still  have  a  three-chambered 
heart,  but  there  is  a  partial  wall  in  the  ventricle.  This  helps  I 
prevent  the  mixing  of  blood  from  the  lungs  with  blood 
from  the  body.  In  alligators  and  crocodiles  there  is  a  com-  ! 
plete  wall  that  divides  the  ventricle,  making  a  four- 
chambered  heart. 

Zoologists  consider  the  reptile  egg  to  be  the  main  adapta¬ 
tion  that  enabled  reptiles  to  have  such  great  success  as  land 
animals.  The  reptile  egg  is  always  laid  on  land.  It  is  covered 
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with  a  leathery  or  calcified  shell  that  resists  drying.  It  has  a 
large  yolk,  which  provides  plenty  of  food  for  the  devel¬ 
oping  young.  The  reptile  egg  has  made  it  possible  for  these 
animals  to  roam  all  over  the  land  and  to  lead  a  life  mostly 
independent  of  water.  Unlike  the  amphibians,  the  reptiles 
have  never  had  to  return  to  the  water  to  reproduce. 

30—3  Lizards  The  lizards  belong  to  the  same  major 
group  of  reptiles  as  the  snakes  (order  Squamata).  They 
differ  from  snakes  in  that  they  have  movable  eyelids,  exter¬ 
nal  ear  openings,  and  usually  legs. 

The  lizards  are  strictly  land  animals,  but  they  live  in  a  va¬ 
riety  of  land  habitats.  Some  burrow  in  the  ground,  many 
live  under  rocks  and  in  trees,  and  some  actually  glide 
through  the  air.  Many  lizards  are  well  adapted  for  living  in 
dry  desert  areas.  The  American  Gila  monster  stores  fat  in 
its  tail.  It  breaks  down  the  fat  to  provide  both  food  and  wa¬ 
ter.  The  horned  lizard,  sometimes  incorrectly  called  a 
horned  toad,  has  thick  platelike  scales  that  prevent  water 
loss.  The  desert  iguana  is  reported  to  be  able  to  withstand 
temperatures  as  high  as  47 °C. 


The  Gila  monster,  shown  above, 
is  the  only  poisonous  lizard  in  the 
United  States.  It  is  an 
endangered  species  and 
protected  by  law  in  Arizona.  The 
horned  lizard,  shown  at  left, 
feeds  largely  on  insects. 
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The  Old  World  chameleon  ranges  from  Asia  Minor,  through  North  Africa, 
and  into  southern  Spain.  It  lives  in  trees  and  feeds  on  insects. 


The  Gila  monster  is  the  only  poisonous  lizard  in  the 
United  States.  It  is  seldom  dangerous  because  of  its  shy 
habits  and  the  fact  that  it  must  chew  something  before  the 
poison  can  be  injected. 

The  chameleons  are  usually  considered  to  be  the  most  1 
amazing  lizards.  Most  live  in  trees,  where  they  stalk  insects. 
They  capture  their  prey  with  a  sticky  tongue  that  can  be  ! 
shot  out  more  than  half  the  length  of  their  body.  They  also 
have  chromatophores  that  allow  them  to  change  color  to 
blend  with  their  surroundings.  A  most  amazing  feature  is 
their  eyes,  which  can  rotate  in  all  directions.  Unlike  many  i 
other  reptiles,  the  chameleons  have  very  sharp  vision. 
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30—4  Snakes  The  snakes  are  probably  feared  by 
more  people  than  any  other  animal.  The  snake,  or  serpent, 
has  always  been  associated  with  the  lowest  kinds  of  human 
behavior.  This  is  unfortunate  because  most  snakes  are 
completely  harmless  and  they  have  a  very  important  role 
in  nature.  Snakes  are  predators,  and  many  feed  on  small 
animals  such  as  mice  and  ground  squirrels,  which  can  de¬ 
stroy  crops  and  grasslands  if  population  growth  is  un¬ 
checked. 

Snakes  are  without  legs  and  ears  and  have  poor  vision. 
But  they  have  other  adaptations  for  locomotion  and  for 
sensing  their  environment.  For  locomotion  they  have  wide 
scales  on  their  ventral  side.  These  scales  are  like  tractor 
treads  that  hold  on  to  the  surface  as  the  body  muscles  con¬ 
tract  and  pull  the  snake  forward.  Locomotion  is  a  problem 
only  on  smooth  surfaces  or  on  loose  sand.  The  sidewinder 
rattlesnake  of  the  southwestern  United  States  solves  the  lat¬ 
ter  problem  by  throwing  its  whole  body  sideways. 

One  of  the  snake’s  sensing  devices  makes  use  of  its 
forked  tongue.  Observe  a  snake  closely  and  you  will  see 
that  it  constantly  sticks  out  its  tongue  as  it  moves  forward. 
It  is  sampling  the  air,  and  the  tongue  is  collecting  the 
samples.  Molecules  and  tiny  particles  of  substances  in  the 
air  are  caught  on  the  forked  tips  of  the  tongue.  Then  the 
tips  are  inserted  in  a  special  organ  in  the  roof  of  the  mouth. 
This  organ,  called  Jacobson’s  organ,  has  sensory  nerves 
for  taste  and  smell. 


A  snake  uses  its  forked  tongue  to 
sample  the  environment.  The  pit 
on  the  side  of  this  rattlesnake’s 
head  is  a  heat-detector,  useful  for 
tracking  mammals  and  birds. 


The  sidewinder  rattlesnake  of  the  southwestern  United  States  feeds  on 
small  mammals,  such  as  rodents,  and  also  on  lizards.  It  is  chiefly 
inocturnal. 


The  pit  vipers  are  poisonous 

snakes  that  are  native  to  Asia  and 

to  North  and  South  America.  The  pit  vipers,  which  include  rattlesnakes,  copperheads, 

and  water  moccasins,  have  another  unique  sensing  device. 
Small  cavities,  or  pits,  below  the  eyes  are  infrared  radiation 
detectors.  All  warm  bodies  give  off  infrared  rays.  The  pit 
vipers  prey  upon  warm-blooded  animals,  such  as  birds 
and  mammals,  which  maintain  a  constant  body  temper¬ 
ature.  The  pit  vipers  can  find  and  track  warm-blooded  ani¬ 
mals  in  total  darkness,  or  even  if  they  are  blind. 

30—5  Feeding  adaptations  Snakes  have  a  number 
of  adaptations  that  allow  them  to  feed  in  a  special  way. 
They  prey  on  animals  or  animal  eggs,  and  they  swallow 
their  prey  whole.  Their  adaptations  allow  them  to  swallow  i 
food  that  is  much  larger  in  diameter  than  their  own  body. 

One  of  the  adaptations  is  their  unique  lower  jaw.  The 
two  bones  of  the  lower  jaw  are  connected  by  elastic  tissue  | 
that  allows  them  to  separate.  Also  the  skin  and  other  tis-  j 
sues  around  the  mouth  and  digestive  tube  can  stretch  and 
allow  the  snake  to  surround  the  food.  Another  adaptation  i 
in  the  head  region  is  the  arrangement  of  the  nostrils  and  air 
passages  for  breathing.  They  are  arranged  so  that  swallow-  i 
ing  a  large  animal  does  not  cut  off  the  snake’s  air  supply.  A 
fourth  adaptation  is  the  nature  of  the  snake  skeleton.  Un-  | 
like  the  other  reptiles,  snakes  have  ribs  that  are  unattached 
at  one  end.  Other  reptiles  have  a  sternum,  or  breastbone. 
The  unattached  ribs  are  free  to  expand.  This  helps  a  snake 
to  swallow  a  large  animal. 

Most  snakes  catch  their  prey  with  their  mouth,  then  hold 
it  with  their  body  while  they  swallow  it  alive.  But  some 
snakes,  called  constrictors  (kan  strikers),  catch  their 
prey  and  squeeze  it  until  it  dies.  Many  of  the  constrictors  i 
are  huge,  powerful  snakes  that  can  kill  large  animals,  such 
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as  deer  and  antelope.  The  anaconda  is  a  South  American 
constrictor  that  sometimes  reaches  a  length  of  8  m.  The 
regal  python  of  Malaysia  is  another  constrictor.  It  reaches 
9  m  in  length. 

Another  group  of  snakes— the  poisonous,  or  venomous, 
snakes— kill  their  prey  with  a  venom. 


30—6  Poisonous  snakes  Snakes  use  two  different 
kinds  of  venom,  or  a  combination  of  both.  One  type  of 
venom  is  hemolytic  (he  m3  lit'ik),  which  means  that  it 
breaks  down  red  blood  cells  and  small  blood  vessels.  The 
pit  vipers  use  a  hemolytic  venom.  The  other  venom  is  a 
neuro toxin  (niir  5  tok'sin),  which  means  that  it  acts 
upon  the  nervous  system  and  causes  paralysis.  Snake  neu¬ 
rotoxins  are  the  most  deadly.  They  act  quickly  on  the  eyes, 
causing  blindness.  Examples  of  snakes  that  kill  with  neu¬ 
rotoxins  are  the  coral  snake  and  the  cobra. 

There  are  three  poisonous  snakes  in  Canada.  All  of  them 
are  rattlesnakes  that  use  hemolytic  venom.  The  Eastern 
Massasauga  rattler  is  found  in  the  Georgian  Bay  area  of 
Ontario.  The  Prairie  rattlesnake  is  common  to  Saskatche¬ 
wan  and  Alberta,  while  the  Northern  Pacific  rattlesnake  is 
found  in  British  Columbia. 


The  only  poisonous  snakes  in 
Canada  are  rattlesnakes,  e.g.  the 
Massasauga  rattler  (above  left). 
Poisonous  snakes  in  the  United 
States  include  the  copperhead 
(left),  the  coral  snake  (directly 
above),  and  the  cottonmouth 
(top). 
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Snakes  swallow  their  prey  whole. 
The  lower  jaw  of  a  snake  is 
loosely  attached  to  the  skull, 
allowing  the  mouth  to  open  wide 
enough  to  swallow  animals  larger 
in  diameter  than  the  snake. 


SCIENCE  TERMS 

Jacobson’s  organ 

constrictors 

hemolytic 

neurotoxin 

carapace 

plastron 


Some  snakes  have  long,  hollow  fangs,  which  they  inject 
with  a  stabbing  motion.  The  pit  vipers  are  in  this  category. 
Other  snakes  have  shorter  teeth  and  inject  their  poison  by 
biting  down  upon  the  flesh  of  an  animal.  The  coral  snake 
injects  its  poison  by  this  method. 

In  the  United  States  most  poisonous  snakebites  are  in¬ 
flicted  by  the  copperhead.  However,  it  is  the  Texas  dia- 
mondback  that  causes  the  most  deaths.  Altogether  about 
1  500  people  per  year  suffer  poisonous  snakebites,  and 
deaths  average  45  per  year.  This  contrasts  greatly  with  In¬ 
dia,  where  an  average  of  25  000  people  die  every  year 
from  snakebites,  mostly  from  cobras. 

It  is  interesting  that  even  poisonous  snakes  have  their 
enemies.  The  eastern  diamondback  rattlesnake,  one  of  our 
largest  poisonous  snakes,  is  killed  by  the  king  snake, 
which  is  immune  to  its  venom.  Many  of  our  poisonous 
snakes  are  killed  by  owls,  hawks,  and  eagles.  In  India  the 
little  mongoose  is  a  deadly  enemy  of  the  cobra.  And  in 
South  America  the  fer-de-lance,  which  probably  has  the 
deadliest  poison  of  all  snakes,  is  killed  by  a  skunk. 

30—7  Reproduction  Snakes  reproduce  by  three  dif¬ 
ferent  methods.  Some  just  lay  eggs  from  which  the  young 
hatch.  Others,  like  the  rattlesnakes,  give  birth  to  living 
young.  By  this  method  the  female  snake  retains  the  eggs  in¬ 
side  her  body  until  they  are  ready  to  hatch.  The  third 
method  is  practiced  by  garter  snakes  and  some  lizards.  The 
female  snake  retains  the  eggs,  which  provide  part  of  the 
nourishment  for  the  developing  young.  But  the  developing 
snakes  also  obtain  nourishment  from  the  body  of  the  fe¬ 
male. 
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30—8  Turtles  and  tortoises  The  turtles  and  tor¬ 
toises  make  up  the  second  major  group  of  surviving  rep¬ 
tiles  (order  Chelonia).  Both  names,  turtle  and  tortoise,  are 
common  names  that  are  not  always  used  precisely.  But 
generally  turtle  is  used  to  describe  aquatic  species  and  tor¬ 
toise  to  describe  those  that  live  on  land.  Both  have  about 
the  same  structure,  and  we  shall  use  the  name  turtle  in  de¬ 
scribing  their  characteristics. 

One  characteristic  of  turtles  is  well-known.  Their  body 
is  surrounded  by  a  bony,  sometimes  leathery,  case.  When 
danger  threatens,  they  can  withdraw  head,  tail,  and  legs 
into  the  case  and  survive  most  kinds  of  predators.  The  case 
itself  is  made  up  of  two  parts.  The  dorsal  and  largest  part  is 
the  carapace.  The  ventral  and  flat  part  is  the  plastron 
(plas'trsn). 

Turtles  have  jaws  but  no  teeth.  They  all  lay  eggs  that 
have  firm,  calcified  shells,  like  those  of  birds.  Most  are  her¬ 
bivorous,  and  the  common  box  turtle  is  reported  to  be 
fond  of  wild  strawberries.  The  snapping  turtle,  common  in 
lakes  and  ponds  of  the  eastern  and  midwestern  United 
States  and  southern  Canada,  is  a  ferocious  carnivore.  It 
preys  on  fish,  frogs,  and  even  water  birds. 


The  alligator  snapping  turtle 
feeds  on  both  plant  and  animal 
matter.  It  lives  in  slow-moving 
rivers,  ponds,  and  lakes. 


30—9  Alligators  and  crocodiles  The  alligators 
and  crocodiles  of  today  are  practically  the  same  as  fossil 
species  that  lived  160  million  years  ago.  The  species  today 
are  just  a  tiny  part  of  a  large  group  that  once  lived  on  the 
earth  (order  Crocodilia).  They  are  large  animals,  with 
heavy  bodies,  sharp  teeth,  and  powerful  jaws.  Most  are  ag¬ 
gressive  predators  and  some  will  attack  and  kill  humans. 


The  American  alligator  is  found  from  the  Carolinas  south  to  Florida  and 
west  to  Texas.  Its  closest  relative  is  the  Chinese  alligator. 
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There  are  two  species  of  this  group  that  live  in  the 
United  States.  By  far  the  most  common  is  the  American  al¬ 
ligator,  which  has  a  short,  broad  snout.  The  American 
alligator  is  most  plentiful  in  Florida  and  Louisiana,  but 
once  it  thrived  in  several  states. 

The  other  species  is  the  American  crocodile.  It  has  a 
longer  and  narrower  snout  than  the  alligator.  It  is  common 
on  the  coasts  of  Central  America  and  in  other  areas  of  the 
Caribbean  Sea.  In  the  United  States  the  crocodile  is  found 
only  along  the  southern  coast  of  Florida. 

Alligators  are  usually  not  as  aggressive  as  crocodiles. 
However,  they  are  the  only  reptiles  known  to  produce  vo¬ 
cal  sounds.  Both  male  and  female  alligators  make  loud  bel¬ 
lowing  calls,  usually  during  breeding  season. 

Being  aquatic  reptiles,  alligators  and  crocodiles  are  se¬ 
verely  limited  in  the  habitats  where  they  can  survive.  Like 
all  reptiles,  they  are  cold-blooded.  If  they  venture  in  water 
that  is  below  21°C,  their  muscles  will  stop  working,  and 
they  will  settle  in  the  water  and  drown. 

30—10  The  tuatara  The  sole  survivor  of  another 
major  group  of  reptiles  is  called  the  tuatara  (order  Rhyn- 
chocephalia).  It  looks  somewhat  like  an  iguana  lizard,  but 
its  anatomy  is  very  different.  The  only  survivors  live  on  the 
Cook  Islands,  which  are  between  the  two  main  islands  of 
New  Zealand.  The  tuatara  adult  is  about  60  cm  long,  and 
one  is  reported  to  have  lived  for  77  years.  The  govern¬ 
ment  of  New  Zealand  carefully  protects  the  few  surviving 
tuataras. 


Although  it  looks  somewhat  like  a  lizard,  the  tuatara  belongs  to  a  different 
order  of  reptiles,  all  other  members  of  which  are  extinct. 
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CHECK  YOUR  FACTS 

- ! _ 

1.  When  were  the  reptiles  the  dominant  animals  on  earth? 
Are  they  still  successful? 

2.  Describe  the  exoskeleton  of  reptiles.  Is  this  their  only 
skeleton? 

3.  How  is  gas  exchanged  in  reptiles? 

4.  What  is  the  main  adaptation  that  has  enabled  reptiles  to 
succeed  on  land?  Why? 

5.  How  do  lizards  differ  from  snakes? 

6.  Describe  some  adaptations  in  lizards  that  enable  them  to 
live  in  desert  environments. 


SUMMARY  

Before  their  decline  about  80  million  years  ago,  the  reptiles 
were  the  dominant  animals  on  earth  for  100  million  years. 
Comparatively  few  reptiles  remain  today.  Several  advance¬ 
ments  over  the  amphibians  make  reptiles  much  better  suited 
to  life  on  land.  A  thick  exoskeleton  effectively  prevents  water 
loss.  The  egg  is  covered  with  a  shell  that  resists  drying. 


REVIEW  QUESTIONS  

1.  What  uncommon  characteristics  are  seen  in  the  chame¬ 
leon? 

2.  How  do  snakes  taste  and  smell? 

3.  What  are  the  pits  for  in  pit  vipers?  How  are  they  used? 

4.  What  are  constrictors?  Can  they  kill  large  animals? 

5.  How  are  snakes  adapted  to  swallow  their  prey  whole? 

6.  What  are  the  three  poisonous  snakes  found  in  Canada? 

7.  What  are  the  effects  of  the  two  types  of  snake  venom? 
Give  two  examples  of  snakes  that  use  each  type. 

8.  Snakes  reproduce  by  three  different  methods.  Explain. 

9.  How  do  snakes  move?  What  different  mechanism  does 
the  sidewinder  use? 

10.  What  do  the  carapace  and  plastron  compose?  Of  what 
use  is  this  structure? 


ANALYSIS  AND  APPLICATION 

1.  Compare  the  hearts  of  frogs,  snakes,  and  crocodiles. 
Which  is  more  advanced? 

2.  Why  are  snakes  mostly  beneficial  to  humans? 

3.  Why  are  alligators  and  crocodiles  able  to  survive  in  only  a 
few  habitats? 


The  Birds 


31—1  The  most  admired  animals  In  the  last 
chapter  we  discussed  the  reptiles,  which  are  probably  the 
least  admired  of  all  the  animals.  Now  we  shall  discuss  the 
animals  that  are  in  the  opposite  category.  The  birds  (class 
Aves)  are  probably  the  most  admired  of  all  the  different  an¬ 
imals.  Some  people  admire  them  for  their  color  and 
beauty.  Others  admire  them  for  their  songs  and  their  be¬ 
havior.  In  past  ages,  before  humans  learned  to  fly  air¬ 
planes,  they  were  admired  with  envy  because  of  their  abil¬ 
ity  to  fly.  No  other  animal  possesses  so  many  beautiful 
adaptations  for  a  single  purpose,  that  of  flight.  The  head, 
the  wings,  the  feathers,  and  most  of  the  internal  systems 
are  unique  within  the  animal  kingdom.  The  systems  are  as 
effectively  adapted  for  flying  as  are  the  systems  in  airplanes. 

31—2  General  characteristics  Even  a  small  child 
can  tell  the  difference  between  a  bird  and  any  other  ani¬ 
mal.  One  reason  is  that  the  bird  is  always  covered  with 
feathers.  Feathers  are  not  found  on  any  other  animal. 

Another  characteristic  the  birds  share  only  with  insects 
and  certain  mammals  such  as  bats  is  the  possession  of 
wings.  The  wings,  of  course,  are  normally  used  for  flying. 
However,  there  are  exceptions.  The  penguin  has  wings 
that  are  used  for  swimming.  The  ostrich  has  small  wings 
that  have  no  function. 

All  birds  have  a  lightweight,  but  strong,  horny  beak.  The 
beak  may  be  adapted  for  a  variety  of  feeding  activities, 
such  as  cracking  seeds,  stabbing  insects  or  fish,  and  scoop¬ 
ing  food  out  of  water.  No  birds  have  teeth,  which  is  a 
weight-saving  adaptation. 


455 


FEATHER 


FIGURE  31-1 

The  distinguishing  characteristic 
of  birds  is  feathers.  The  three 
types  of  feathers  found  on  birds 
are  illustrated  in  this  figure. 
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Birds  reproduce  only  from  eggs  that  are  laid  outside  the 
female’s  body.  Bird  eggs  are  always  enclosed  in  a  hard 
shell.  Each  egg  has  a  large  yolk  that  provides  food  for  the 
developing  bird. 

The  birds  possess  major  advances  over  the  reptiles  in 
terms  of  internal  body  functions.  All  birds  have  a  four- 
chambered  heart.  In  the  four-chambered  heart  there  is  a 
complete  separation  between  blood  in  the  pulmonary  cir¬ 
culation  and  blood  in  the  systemic  circulation.  All  birds  are 
warm-blooded  animals.  This  means  that  they  can  maintain 
a  warm  and  fairly  constant  body  temperature  in  any  envi¬ 
ronment.  This  gives  them  a  great  competitive  advantage 
over  most  other  animals.  They  can  be  active  during  all  sea¬ 
sons  of  the  year,  and  in  all  habitats  on  the  earth. 

31—3  Feathers  The  birds  are  considered  by  zoolo¬ 
gists  to  be  very  closely  related  to  reptiles.  Feathers  are  be¬ 
lieved  to  be  highly  adapted  reptile  scales.  Reptilelike  scales 
still  exist  on  the  feet  of  birds. 

Feathers  have  several  unique  characteristics.  They  are 
extremely  light  in  weight,  yet  very  strong.  ( Lift  a  feather 
and  see  how  light  it  is,  then  try  to  pull  it  apart.)  Each 
feather  has  a  central  shaft  (shaft),  which  ends  in  a  hollow 
quill  (kwil).  The  quill  is  buried  in  the  skin.  On  each  side 
of  the  shaft  there  are  hairlike  barbs  (barbs)  that  lie  paral¬ 
lel  with  each  other.  They  are  linked  together  by  branches 
called  barbules  (bar'byuls),  which  usually  have  little 
hooks  on  them.  The  hooks  link  the  barbs  so  that  they  re¬ 
main  fixed  in  one  position,  and  the  feather  maintains  its 
flattened  shape.  At  times,  however,  the  hooks  may  become 
unfastened.  The  bird  “zips”  them  back  together  with  its 
bill,  a  process  called  preening  (pren'ing).  We  can  do  the 
same  with  our  fingers.  During  preening  the  bird  strokes  a 
gland  near  its  tail  and  obtains  a  substance  that  it  applies  to 
the  feathers.  The  substance  is  thought  to  help  waterproof 
the  feathers  and  keep  them  from  getting  brittle. 

There  are  three  basic  kinds  of  feathers  on  birds.  The 
flight  feather  is  found  on  the  wings  and  tail.  It  is  longer 
than  the  other  feathers  and  its  shaft  is  very  strong.  The  sec¬ 
ond  type  of  feather  is  the  contour  (kon'tiir)  feather, 
which  covers  most  of  the  body.  The  contour  feather  is 
shorter  and  broader  than  the  flight  feather.  It  has  a  patch  of 
down  near  the  bottom  of  the  shaft.  The  third  type  of 
feather  is  the  down  feather.  The  down  feather  is  short 
and  has  no  shaft.  Its  function  is  to  trap  air  and  provide  in¬ 
sulation  so  that  the  bird  will  not  lose  its  body  heat.  Some 
birds  have  many  more  down  feathers  than  others.  Ducks 
and  geese  have  them  by  the  thousands. 


The  feathers  function  during  flight  and  they  help  to  in¬ 
sulate  and  protect  the  body.  They  also  function  during 
mating.  For  some  birds  the  color  and  pattern  of  feathers  is 
used  for  recognizing  mates.  Other  birds  make  special  dis¬ 
plays  out  of  their  feathers,  such  as  the  fanlike  tail  display  of 
the  peacock. 

Feathers  are  shed  from  time  to  time  by  a  process  called 
molting  (molding).  Most  birds  molt  their  feathers  a  few 
at  a  time,  so  their  flying  ability  is  not  affected.  Certain  oth¬ 
ers,  such  as  ducks  and  geese,  molt  all  at  once  and  for  a 
short  time  lose  their  ability  to  fly. 


31—4  The  skeleton  Engineers  who  design  airplanes 
have  one  thought  uppermost  in  their  mind:  avoid  excess 
weight!  There  is  no  better  model  for  them  to  study  than  the 
bird  skeleton.  It  is  amazingly  light.  Often  it  is  even  lighter 
than  the  bird’s  feathers. 

MAXILLA  ORBIT  EAR  CANAL  CRANIUM 


FIGURE  31-2 

The  skeleton  of  a  bird  has  several 
adaptations  for  flight.  The  bones 
are  mostly  hollow.  The  sternum  is 
enlarged  for  flight  muscle 
attachment. 
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The  bird  skeleton  is  lightweight  because  the  bones  are 
mostly  hollow  and  filled  with  air.  Also  there  is  an  absolute 
minimum  of  bony  tissue.  For  example,  the  skull  is  very 
small  and  thin,  and  the  lack  of  teeth  makes  it  unnecessary 
for  the  bird  to  have  jawbones. 

The  skeleton  has  other  adaptations  as  well.  Most  of  the 
main  body  vertebrae  are  fused  together  to  form  a  rigid 
backbone.  This  gives  the  main  part  of  the  body  strength 
and  rigidity  as  the  wings  move  up  and  down.  Another 
adaptation  is  the  keel  (kel),  which  is  the  large  specialized 
breastbone.  The  keel  provides  a  place  where  the  large, 
powerful  flight  muscles  can  attach.  Also  the  neck  vertebrae 
have  a  unique  adaptation.  They  can  easily  slide  over  each 
other  when  the  neck  is  turned.  This  allows  birds,  which 
cannot  move  their  eyes,  to  turn  their  necks  more  than 
other  animals.  Some,  like  the  owl,  can  turn  their  head  com¬ 
pletely  around. 

31—5  Food  and  digestion  Flying  demands  much 
more  energy  than  running  or  walking.  The  birds  have 
solved  this  problem  in  several  ways.  Generally  they  con¬ 
sume  more  food  per  body  weight  than  most  other  animals. 
Also  the  foods  they  eat  are  often  high-energy  foods  that  can 
be  digested  rapidly.  An  extreme  example  is  the  humming¬ 
bird.  It  uses  up  tremendous  amounts  of  energy  with  its 
rapid  flight,  but  it  feeds  on  flower  nectar,  which  is  quick  to 
digest  and  loaded  with  energy. 

The  digestive  system  of  birds  also  works  more  rapidly 
than  that  of  most  other  animals.  A  bird  such  as  the  thrush 
can  pass  berries  completely  through  its  digestive  system  in 
30  min.  A  shrike  can  digest  a  mouse  in  3  h. 

Two  unique  adaptations  in  some  birds  are  the  crop  and 
gizzard.  In  some  birds  the  crop  is  thin-walled  and  capable 
of  stretching  to  hold  a  tremendous  amount  of  food.  The 
gizzard  is  a  thick,  muscular  organ  that  grinds  food  and  du¬ 
plicates  the  function  of  teeth.  Some  birds  eat  small  stones 
that  remain  in  the  gizzard  and  help  crush  food  such  as  hard 
seeds. 

31—6  Circulation  Birds  have  a  four-chambered 
heart  and  a  circulatory  system  similar  to  our  own.  How¬ 
ever,  the  heart  rate— which  is  the  average  number  of  con¬ 
tractions,  or  beats,  per  minute— is  much  faster.  Our  own 
heart  rate  is  about  72  beats  per  minute.  The  heart  rate  of  a 
chicken  is  250  beats  per  minute,  while  the  heart  rate  of  a 
canary  is  about  1  000  beats  per  minute. 

Birds  also  have  the  highest  temperatures  of  all  animals. 
Our  body  temperature  averages  37 °C.  The  average  body 


PELICAN— Dump  Truck 
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FIGURE  31-3 

The  beaks  of  different  species  of 
birds  are  specialized  according  to 
the  feeding  habits  of  the 
particular  species. 


temperature  of  birds  is  40°C-42°C.  However,  body  tem¬ 
peratures  of  birds  are  not  as  uniform  as  those  of  humans 
and  many  mammals.  For  example,  the  temperature  of  a 
sparrow  can  range  between  23  °C  and  44  °C. 

31—7  Gas  exchange  Along  with  a  great  demand  for 
energy  comes  a  greater  need  for  oxygen.  The  birds  have 
solved  that  problem  with  a  system  for  gas  exchange  that  is 
very  different  from  that  of  reptiles  or  mammals. 

Birds  have  small  lungs  that  have  only  a  limited  ability  to 
expand.  However,  their  lungs  are  connected  with  nine  air 
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FIGURE  31-4 

The  feet  of  different  species  of 
birds  are  adapted  to  the  habitat 
and  life-style  of  the  particular 
species. 


sacs  that  are  scattered  throughout  their  thorax  and  abdo¬ 
men,  and  also  into  some  of  the  hollow  spaces  of  the  bones. 
When  the  bird  breathes  in,  or  inhales,  (in  halz'),  the  air 
goes  through  lungs  and  into  the  air  sacs.  When  it  breathes 
out,  or  exhales  (eks  halz'),  the  air  moves  from  the  air 
sacs  back  through  the  lungs  and  out  the  body.  By  this 
method  the  lungs  obtain  oxygen  when  the  bird  inhales  and 
when  it  exhales.  All  other  animals  obtain  oxygen  only 
when  they  inhale. 

31—8  Bird  flight  Earlier  we  mentioned  that  an  air¬ 
craft  engineer  could  study  the  bird  skeleton  as  a  model  for 
a  strong  but  lightweight  structure.  The  same  recommenda¬ 
tion  applies  to  the  shape  and  overall  design  of  different 
types  of  bird  wings.  The  bird  wings  are  adapted  for  differ¬ 
ent  kinds  of  flying,  and  in  some  cases  aircraft  wings  have 
been  developed  with  the  same  design.  An  example  is  the 
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maneuvering  (ma  nti'var  ing)  wing,  which  is  found 
usually  on  tree-dwelling  birds  that  must  turn  sharply  and 
maneuver  among  tree  branches.  The  maneuvering  wing  is 
elliptical  in  shape,  that  is,  curved  on  both  the  front  and 
back  edges.  Compare  such  bird  wings  with  the  wings  of 
one  of  the  most  maneuverable  World  War  II  fighter  planes, 
the  British  Spitfire. 

Another  type  of  wing  is  the  high-speed  wing,  which 
is  found  on  swallows,  hummingbirds,  swifts,  terns,  and  fal¬ 
cons.  This  wing  is  swept-back  and  tapers  all  the  way  to  the 
tip.  Jet  airplanes  have  swept-back  wings. 

A  third  type  of  wing  is  the  soaring  (sor'ing)  wing.  On 
ocean  birds  such  as  the  albatross  and  gull,  the  soaring 
wing  is  long  and  narrow.  On  land-soaring  birds,  such  as 
the  condor  and  some  hawks,  the  wing  is  wider  and  often 
square  at  the  tip.  The  land-soaring  birds  have  more  maneu¬ 
verability  with  the  wider  wing,  but  the  ocean  birds  can 
soar  for  hours  without  moving  their  wings.  The  overall  ad¬ 
vantage  of  the  soaring  wing  is  that  these  birds  can  use 
wind  and  rising  air  currents  to  keep  aloft.  Thus  they  do  not 
have  to  burn  up  large  amounts  of  energy  as  they  look  for 
food.  Airplane  gliders,  with  the  same  kind  of  wing  as  the 
ocean-soaring  birds,  can  also  soar  for  hours.  They  use  no 
energy  once  they  are  airborne. 

FIGURE  3 1  -5  Notice  the  similarity  between  the  soaring  wings  of  an 
albatross  and  the  wings  of  a  glider  plane. 
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The  arctic  tern,  which  feeds  on 
small  fishes  and  crustaceans, 
migrates  from  the  arctic  area  to 
Antarctica  and  back  every  year. 


31—9  Migration  Animals  do  some  amazing  things, 
hut  bird  migration  is  one  of  the  most  spectacular.  The  typi¬ 
cal  pattern  is  for  a  bird  to  spend  the  summer  months  at  the 
northern  latitudes,  then  fly  south  to  a  warmer  climate  for 
the  winter.  This  behavior  solves  two  main  problems  for 
birds.  First,  it  puts  them  in  a  habitat  where  food  is  always 
available.  Second,  it  allows  them  to  reproduce  and  raise 
their  young  under  the  most  ideal  conditions. 

What  is  most  amazing  about  bird  migration  is  the  ability 
of  birds  to  fly  and  navigate  accurately  over  long  distances. 
The  record  setter  in  this  category  is  the  arctic  tern.  It 
spends  the  summer  at  the  Arctic  Circle,  then  migrates 
17  700  km  to  Antarctica. 

Zoologists  have  performed  a  number  of  experiments  to 
determine  how  birds  navigate.  These  experiments  have 
shown  that  birds  use  landmarks  and  stars  in  the  night  sky 
to  guide  them.  But  there  are  still  mysteries  about  the 
process. 

31—10  Reproduction  The  bird’s  nest  is  a  well- 
known  adaptation.  The  nest  is  usually  a  home  for  the  eggs 
before  hatching  and  for  the  young,  dependent  birds.  How¬ 
ever,  there  are  two  distinct  patterns  of  bird  development. 
The  type  of  nest  usually  depends  on  the  kind  of  bird  being 
reproduced.  Some  birds,  called  precocial  (pri  ko'shsl) 
birds,  are  well  developed  when  they  are  born.  They  are 
covered  with  downy  feathers,  and  within  an  hour  or  so  af¬ 
ter  birth,  most  of  them  are  capable  of  being  on  their  own. 
Most  of  the  birds  in  this  category  nest  on  the  ground.  Ex¬ 
amples  are  the  chicken,  duck,  quail,  and  grouse.  The  par¬ 
ents  of  such  birds  are  relieved  of  much  of  the  burden  of 
feeding  their  young.  The  young  have  some  ability  to  pro¬ 
tect  themselves  against  predators. 

The  second  type  of  bird  is  the  altricial  (al  trish'al) 
bird.  Most  birds  belong  to  this  group.  The  altricial  bird  lays 
smaller  eggs  than  does  the  precocial  bird.  And  the  devel¬ 
oping  altricial  bird  spends  less  time  in  the  egg.  The  young 
of  altricial  birds  are  born  naked,  blind,  and  completely 
helpless.  But  they  do  have  an  instinctive  ability  to  open 
their  mouths  and  feed.  Usually  the  parents  are  contin¬ 
uously  hunting  for  food.  The  bird  parasite  (par'a  sit)  is 
also  an  altricial  bird.  About  80  species  of  these  birds  lay 
their  eggs  in  the  nests  of  other  birds.  The  eggs  are  then 
hatched  by  the  foster  parents.  Often  the  newborn  impos-  I 
ters  root  out  the  young,  rightful  residents  of  the  nest.  In 
Europe  and  in  Africa,  the  cuckoo  is  one  of  the  best-known 
bird  parasites.  In  America  it  is  the  cowbird  that  has  the 
worst  reputation  for  parasitizing  the  nests  of  the  songbirds. 
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CHECK  YOUR  FACTS 

1.  Why  are  the  birds  studied  with  such  admiration  by  zoolo¬ 
gists? 

2.  What  do  we  mean  by  warm-blooded?  Why  is  this  an  ad¬ 
vantage? 

3.  What  are  some  distinguishing  characteristics  of  birds? 

4.  Describe  the  structure  of  a  feather. 

5.  What  two  benefits  result  from  preening? 


SUMMARY 

The  birds  are  greatly  admired  for  their  beauty,  their  singing, 
and  their  ability  to  fly.  The  entire  body— feathers,  wings, 
head,  internal  organs— is  effectively  adapted  for  flight.  Feath¬ 
ers,  wings,  and  a  horny  beak  are  characteristics  of  birds.  Birds 
reproduce  from  hard-shelled  eggs  laid  outside  the  female’s 
body.  They  are  warm-blooded  and  are  thus  active  in  all  sea¬ 
sons  all  over  the  world. 


REVIEW  QUESTIONS 

1.  What  is  molting?  Does  it  occur  all  at  once? 

2.  How  is  weight  reduced  in  the  bird  skeleton? 

3.  How  is  the  bird  skeleton  adapted  for  flight? 

4.  How  do  birds  satisfy  the  energy  requirements  of  flight? 

5.  What  unique  structures  are  found  in  the  digestive  sys¬ 
tem  of  birds?  How  do  they  benefit  the  animals? 

6.  Compare  the  heart  rate  and  body  temperature  of  humans 
with  that  of  birds. 

7.  How  do  birds  meet  their  large  demand  for  oxygen? 

8.  Describe  the  shape  of  three  types  of  wings. 

9.  Why  is  migration  beneficial? 

10.  Name  and  describe  the  two  patterns  of  development 
found  in  birds. 


ANALYSIS  AND  APPLICATION 


Can  you  match  the  terms  with  the  birds? 

a.  gaggle  1.  quail 

b.  skein  2.  doves  or  swallows 

c.  herd  3.  sparrows 

d.  bevy  4.  chickens 

e.  covey  5.  quail 

f.  brood  6.  partridges 

g.  flight  7.  geese  (flying) 

h.  host  8.  geese 

9.  swans,  cranes,  or  curlews 
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The  Dominant  Animals 

32—1  From  reptiles  to  mammals  For  nearly  100 
million  years,  the  reptiles  were  the  dominant  animals  on 
the  earth.  As  the  reptiles  began  their  decline,  a  new 
group— the  mammals— took  over.  They  soon  replaced  the 
reptiles  as  the  dominant  animals.  Today  the  mammals  dom¬ 
inate  the  major  habitats  on  the  earth. 

Why  have  the  mammals  been  so  successful?  There  are 
several  reasons  for  their  success.  One  of  the  main  reasons 
is  their  level  of  intelligence.  The  mammals  are  the  most  in¬ 
telligent  of  all  the  animals.  Another  reason  for  their  success 
is  their  adaptability.  Mammals  can  change  their  behavior  to 
adapt  to  new  conditions.  A  third  advantage,  which  the 
mammals  share  with  the  birds,  is  their  ability  to  maintain  a 
constant  body  temperature.  Unlike  the  cold-blooded  rep¬ 
tiles,  the  mammals  were  able  to  remain  active  and  survive 
during  the  winter  season  in  cold  climates. 

32—2  Characteristics  of  mammals  Mammals 
(class  Mammalia)  have  several  characteristics  that  make 
them  different  from  all  other  animals.  Perhaps  the  most  ba¬ 
sic  of  these  characteristics  is  related  to  their  name.  Mamma 
(mam'a)  in  Latin  means  “breast.”  This  name  is  descriptive 
of  most  mammals.  The  young  of  mammals  are  nursed  on 
milk.  There  is  only  one  small  group  of  mammals  that  do 
not  have  breasts  or  nipples  that  the  young  can  suckle.  We 
will  discuss  this  group  later. 

A  second  characteristic  of  mammals  is  the  presence  of 
hair.  The  amount  and  placement  of  hair  on  their  body  var- 
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The  duckbill  platypus  belongs  to  the  primitive  group  of  egg-laying 
mammals  called  monotremes. 


ies  from  one  type  of  mammal  to  another.  On  a  lion  or  a 
dog,  hair  covers  most  of  the  body.  However,  on  an  ele¬ 
phant  the  hair  is  sparse.  On  whales  the  hair  is  confined  to  a 
few  whiskers  around  the  mouth.  Mammals  shed  their  hair 
either  seasonally  or  a  little  at  a  time. 

Other  mammalian  characteristics  are  not  so  easily  ob¬ 
served.  For  example,  mammals  have  fewer  skull  bones 
than  the  reptiles  and  birds  have.  With  very  few  exceptions, 
mammals  have  seven  vertebrae  in  their  neck,  even  giraffes 
with  their  long  neck.  Mammals  also  have  the  largest  and 
most  highly  developed  brain.  They  are  the  most  intelligent 
of  all  animals. 

There  is  one  behavioral  characteristic  of  mammals  that  is 
unique  in  the  animal  kingdom.  Usually  the  parents  take 
care  of  their  young  until  they  reach  adulthood. 

32—3  Kinds  of  mammals  There  are  three  main 
groups  of  mammals.  One  group  is  called  the  mon¬ 
otremes  (mon'o  trems)  (order  Monotremata).  It  is  the 
most  primitive  group  and  is  made  up  of  egg-laying  mam-  I 
mals.  The  duckbill  platypus  of  Australia  is  the  best-known 
representative  of  the  group.  These  animals  lay  eggs  that  are  j 
quite  similar  to  bird  and  reptile  eggs.  They  do  not  have  1 
breasts,  or  mammary  glands,  for  nursing  their  young. 
Their  milk  is  secreted  on  their  hair.  The  young  lap  this  1 
milk  with  their  tongues. 
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The  second  group  of  mammals  is  the  marsupials  (mar 
sii'pe  sis)  (order  Marsupialia).  All  marsupials  give  birth  to 
living  young.  However,  the  newborn  are  very  small  and 
poorly  developed.  An  example  is  the  opossum,  an  Ameri¬ 
can  marsupial.  This  animal  is  larger  than  a  full-grown 
house  cat.  But  it  gives  birth  to  offspring  about  the  size  of  a 
honeybee.  After  they  are  born,  most  marsupials  crawl 
through  the  mother’s  hair  to  a  pouch  called  the  marsu- 
pium  (mar  sti'pe  am).  Hence  the  name  marsupial  for  the 
group.  The  young  live  inside  the  marsupium  for  several 
more  weeks >  Inside  the  pouch  each  one  clings  to  a  nipple 
while  completing  its  development.  A  few  marsupials  do 
not  have  a  pouch.  But  these  young  also  cling  to  their 
mother’s  nipples  while  developing. 

The  third  major  group  of  mammals  is  the  largest  and  in¬ 
cludes  16  orders  of  animals.  They  are  called  the  placental 
mammals.  These  mammals  remain  inside  the  female  for  a 


In  marsupials,  such  as  this 
wallaby,  the  young  are  born  in  a 
very  immature  state.  They 
continue  their  development 
inside  a  pouch  while  being 
nourished  with  milk. 
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much  longer  period  of  development  than  do  the  marsu¬ 
pials.  They  receive  their  nourishment  through  the  pla¬ 
centa  (plo  sen'ta).  This  organ  contains  numerous  blood 
vessels  of  both  the  mother  and  the  developing  mammal. 

52—4  The  insectivores  One  order  of  placental 
mammals  is  the  insectivores  (in  sek  tiv'arz).  The  in¬ 
sectivores  (order  Insectivora)  include  such  animals  as  the 
shrews,  hedgehogs,  and  moles.  These  animals  are  carniv¬ 
orous  (kar  niv'ar  os),  or  meat  eaters,  and  feed  mostly  on 
insects. 

The  shrew  is  a  small  animal.  In  fact,  a  shrew  recently  dis¬ 
covered  in  Gabon  is  the  world’s  smallest  mammal.  Like  all 
insectivores,  the  shrew  has  needle-sharp  teeth,  which  it 
uses  in  savage  attacks.  Shrews  are  probably  the  most  active 
of  all  mammals.  They  are  reported  to  alternate  three  hours 
of  feeding  with  three  hours  of  rest  through  the  day  and 
night.  In  temperate  climates  they  are  active  throughout  the 
winter.  They  are  constantly  seeking  food  to  satisfy  their  ap¬ 
petite.  In  proportion  to  their  size,  shrews  are  thought  to  be 
the  strongest  of  all  mammals. 

The  hedgehog  is  found  in  Europe,  Africa,  and  Asia.  It  is  a 
spiny  insectivore  that  feeds  on  a  wide  variety  of  small  ani¬ 
mals. 

The  moles  include  several  North  American  species,  all  of 
which  live  underground.  They  burrow  through  the 
ground  at  amazing  speeds.  They  feed  mostly  on  insects  and 
earthworms. 


Insects  form  a  large  part  of  the 
diet  of  this  pygmy  shrew  and 
almost  all  other  shrews. 
Consequently  these  animals  are 
valuable  insect- destroyers. 
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32—5  The  fliers  Perhaps  the  most  unique  group  of 
mammals  is  the  group  that  flies— the  bats.  The  name  of  the 
order  to  which  they  belong  (order  Chiroptera)  means 
“hand  wing.”  This  name  is  appropriate  because  the  bat 
wing  is  actually  a  membrane  that  is  supported  by  long,  fin¬ 
gerlike  bones. 

Bats  are  generally  divided  into  three  groups,  based  on 
their  feeding  habits.  One  group  is  the  fruit-sucking 
bats.  Actually,  some  members  of  this  group  will  feed  on 
fruits,  while  others  feed  on  the  nectar  of  flowers.  The  fruit 
suckers  are  found  in  tropical  and  semitropical  regions.  A 
second  group  of  bats— the  insectivorous  (in  sek  tiv'sr 
as)  bats— are  common  in  the  Americas.  They  have  sharp 
teeth,  much  like  those  of  the  shrew.  They  catch  insects 
while  flying.  The  third  group  of  bats  consists  of  the  vam¬ 
pire  (vam'plr)  bats.  They  use  their  razorlike  front  teeth 
to  puncture  the  skin  of  other  mammals.  When  the  blood 
starts  to  flow,  the  bat  laps  it  up  with  its  tongue.  Its  saliva 
prevents  the  blood  from  clotting.  Therefore  the  blood 
flows  until  the  bat  has  finished  its  meal. 


The  little  brown  bat  feeds 
exclusively  on  insects  that  it 
tracks  by  emitting  high-pitched 
sounds  and  detecting  the  echo. 


32—6  The  rodents  One  group  of  mammals  ranks 
second  after  the  insects  as  a  troublesome  human  pest. 
These  are  the  rodents  (order  Rodentia).  Their  name  de¬ 
scribes  the  way  in  which  they  eat.  Rodent  means  “gnaw¬ 
ing  animal,”  and  all  rodents  are  well  equipped  for  this 
function. 

The  rodents  make  up  from  one-third  to  one-half  of  all  the 
land  mammals.  They  are  abundant  in  most  terrestrial 
ecosystems.  The  rodents  include  rats,  mice,  porcupines, 
beavers,  muskrats,  squirrels,  prairie  dogs,  chipmunks, 
gophers,  and  hamsters. 

Rats  and  mice  make  up  one  of  the  biggest  groups  of  hu¬ 
man  pests.  They  carry  and  transmit  diseases.  Both  mice 
and  rats  destroy  tonnes  of  agricultural  products  every  year. 
The  natural  enemies  of  rodents  include  eagles,  hawks, 
owls,  and  many  kinds  of  snakes.  Rodents  often  experience 
a  population  explosion  and  cause  much  damage  in  those 
areas  in  which  they  have  no  predators. 


The  beaver  is  a  member  of  order 
Rodentia.  Beavers  dam  streams 
and  small  rivers  to  create  ponds 
and  then  build  lodges  in  the 
ponds. 


32—7  The  runners  Another  order  of  mammals,  the 
runners,  includes  hares,  rabbits,  and  pikas  (order  Lago- 
morpha).  These  are  some  of  the  fastest  animals.  The 
brown  hare,  a  native  of  Europe,  runs  at  an  estimated  speed 
of  64  km/h.  Even  racing  greyhounds  can  catch  the  hare 
only  when  it  becomes  tired. 

Three  members  of  this  order  are  well-known  in  North 
America.  The  American  cottontail  is  the  smallest  one.  It  is 
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The  jackrabbit  is  a  plains  animal 
and  feeds  entirely  on  plant 
matter.  It  does  not  dig  burrows, 
although  it  may  enter  them  to 
escape  predators. 


common  on  most  of  the  Continent.  Hunters  like  the  cotton¬ 
tail  for  its  quick,  darting  movements  and  its  tasty  meat.  The 
jackrabbit  is  best  known  on  the  western  plains.  It  is  larger 
than  the  cottontail.  It  is  easily  recognized  by  its  long  ears 
and  long,  loping  gait.  The  snowshoe  rabbit,  or  the  varying 
hare,  lives  in  the  northwestern  forests  and  mountains.  It 
molts  three  times  a  year,  producing  coats  of  gray,  gray- 
brown,  and  white.  It  has  a  white  coat  in  the  winter  and  the 
darker  coats  in  other  seasons.  It  has  large  feet  with  tufts  of 
hair.  This  is  an  adaptation  that  enables  it  to  move  in  the 
snow.  An  interesting  fact  about  the  American  species  is 
that  they  are  not  true  rabbits.  They  are  hares.  The  true  rab¬ 
bits  are  smaller  than  the  hares.  They  live  in  groups  and  dig 
burrows  in  the  ground. 

The  pika  looks  like  a  small  rabbit  with  short  ears.  It  lives 
high  in  the  Rocky  Mountains  and  at  high  elevations  in 
other  parts  of  the  world.  Its  favorite  home  is  in  rock  slides. 
There  it  can  be  observed  in  the  summer  months  hurrying 
about,  gathering  grass  and  stacking  it  to  dry  in  the  sun. 
Later  the  dried  grass  is  stored  under  the  rocks  and  used  for 
food  in  winter. 
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32—8  The  carnivores  A  large  and  important  group 
of  mammals  (order  Carnivora)  is  made  up  primarily  of 
meat  eaters.  These  are  the  carnivores  (kar'na  vorz).  Al¬ 
though  they  are  not  the  only  mammals  that  eat  meat,  they 
are  the  best  adapted  for  that  purpose.  They  have  four  fang¬ 
like  teeth  that  are  used  for  ripping  and  tearing  meat.  Be¬ 
hind  the  fangs  are  other  sharp  teeth  that  are  also  adapted 
for  cutting  skin,  bone,  and  muscle.  In  addition  to  their 
teeth,  many  carnivores  have  sharp  claws  that  they  use  to 
capture  prey.  They  also  use  their  claws  for  digging,  climb¬ 
ing,  and  self-defense.  Other  predator  adaptations  typically 
include  speed,  agility,  and  keen  senses  of  sight,  smell,  and 
hearing. 

Not  all  carnivores  feed  entirely  on  meat.  Some  are  like 
the  bear  and  raccoon,  which  feed  on  vegetables  and  fruits 
as  well  as  on  meat.  Such  animals  are  called  omnivores 
(onT ns  vorz). 

The  carnivores  include  many  animals  that  are  well- 
known.  For  example,  the  dog  family,  which  includes  coy¬ 
otes,  wolves,  jackals,  and  different  domestic  breeds,  is  car¬ 
nivorous.  The  cat  family,  which  includes  lions,  tigers, 
leopards,  cougars,  cheetahs,  and  domestic  cats,  is  also  car¬ 
nivorous.  Other  common  members  of  this  group  include 
otters,  badgers,  weasles,  skunks,  wolverines,  seals,  and 
walruses. 


The  cheetah  is  probably  the  most 
specialized  member  of  the  cat 
family.  It  catches  its  prey  with  a 
great  burst  of  speed  over  a  short 
distance. 
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The  zebra  is  a  relative  of  the 

horseandisagrazinganimai.it  32—9  The  hoofed  animals  The  mammals  with 
lives  in  herds  and  is  often  preyed  hoofed  feet  are  called  ungulates  (ung'gya  lits).  This 
upon  by  lions.  group  actually  consists  of  two  orders  (order  Perissodactyla 

and  order  Artiodactyla).  They  are  classified  according  to 
whether  they  have  an  odd  or  even  number  of  toes. 

All  the  ungulates  are  herbivorous  (her  biv'^r  as),  or 
plant  eaters,  and  often  graze  in  herds.  They  include  horses, 
rhinoceroses,  zebras,  pigs,  camels,  bison,  llamas,  deer,  an¬ 
telope,  giraffes,  cattle,  and  sheep.  From  this  list  it  is  easy  to 
see  the  relationship  of  the  ungulates  to  humans.  For  many 
centuries  the  ungulates  have  provided  most  of  the  meat  in 
the  human  diet.  Also  they  have  been  the  principal  animals 
domesticated  and  used  for  work  and  transportation.  Only 
in  the  parks  of  Africa  do  wild  ungulates  roam  in  large 
herds.  Once  such  herds  were  seen  on  most  continents. 
Long  ago,  humans  destroyed  most  of  these  free-grazing 
herds. 

The  ungulates  are  well  adapted  for  their  herbivorous 
diet.  Their  teeth  are  suited  for  biting  off  the  leaves  of  plants 
and  shrubs.  Their  jaws  have  flat  teeth  adapted  for  grinding 
vegetable  matter.  Some  ungulates,  called  ruminants 
(rii'ma  nants),  have  multiple  stomachs.  The  ungulates 
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swallow  their  food;  then  they  bring  this  food  back  to  their 
mouths  for  further  chewing  and  grinding. 


32—10  Fishlike  mammals  For  years  people 
thought  whales,  dolphins,  and  porpoises  (order  Cetacea) 
were  types  of  fish.  They  do  look  like  fish  and  they  swim 
like  fish.  Also,  like  fish,  they  are  capable  of  remaining  un¬ 
der  water  for  long  periods  of  time.  But  whales,  dolphins, 
and  porpoises  are  mammals,  not  fish.  And  they  are  in¬ 
telligent  mammals  at  that.  Anyone  who  has  seen  them  per¬ 
form  in  marine  shows  will  testify  to  this  fact. 

The  whales  are  the  largest  animals  on  earth.  Back  in  the 
days  when  whales  were  still  plentiful  in  the  ocean,  it  was 
possible  to  see  great  blue  whales  over  30  m  long.  Whales 
are  not  plentiful  now.  Many  concerned  people  in  the 
world  community  are  afraid  that  they  will  become  extinct 
due  to  overhunting. 

There  are  two  basic  kinds  of  whales.  One  group  has 
teeth  and  feeds  on  fishes.  The  other  group  has  a  strainer¬ 
like  apparatus  called  a  whalebone,  or  baleen.  This  appa¬ 
ratus  strains  small  crustaceans  out  of  the  water.  This  group 
of  whales  is  called  whalebone  whales. 

The  whale  and  its  relatives  have  a  most  amazing  adapta¬ 
tion.  They  have  enormous  lungs.  With  this  adaptation  they 
can  hold  their  breath  for  up  to  an  hour.  Before  they  dive 
they  fill  the  lungs  to  capacity.  Their  lungs  are  almost  three 
times  as  efficient  as  ours  in  obtaining  oxygen  from  the  air. 

Another  adaptation  is  the  blowhole.  This  is  an  opening 

on  top  of  the  whale’s  head.  It  acts  like  the  human  nose  in  Although  fishlike  in  body  form, 
some  ways.  It  is  the  place  where  air  enters  and  waste  gases  this  Pilot  whale  is  warm-blooded, 
are  released.  But  there  are  two  main  differences.  When  the  s'ves  birth  *0  llve  y°unS/  and 

nourishes  them  with  milk,  making 
it  a  member  of  class  Mammalia. 


SCIENCE  TERMS 

mamma 

monotremes 

marsupials 

marsupium 
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insectivorous  bats 

vampire  bats 
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whale  exhales,  a  spout  of  liquid  shoots  up  into  the  air.  This 
is  a  mucous  solution  that  is  thought  to  be  useful  in  elimi¬ 
nating  unused  nitrogen  from  the  lungs.  The  second  differ¬ 
ence  is  that  the  breathing  canal  is  not  connected  with  the 
mouth,  as  it  is  in  other  mammals.  It  bypasses  the  mouth. 
This  is  an  important  adaptation  that  allows  the  animal  to 
open  its  mouth  and  feed  without  taking  water  into  its 
lungs. 

The  porpoises  and  dolphins  are  smaller  than  whales. 
They  are  playful,  friendly  animals.  Studies  of  dolphins  and 
porpoises  that  are  confined  in  marine  aquariums  show 
them  to  have  a  high  level  of  intelligence. 


carnivores 

omnivores 

ungulates 

herbivorous 

ruminants 

blowhole 
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32—11  The  primates  Lemurs,  monkeys,  apes,  and 
humans  belong  to  a  major  order  of  mammals  called  pri¬ 
mates  (prTmitz)  (order  Primate).  This  group  has  two  out¬ 
standing  adaptations.  One  adaptation  is  a  large,  complex 
brain.  The  second  adaptation  is  a  flexible  hand  with  a 
thumb  that  enables  it  to  grasp. 

Theoretically  these  and  other  adaptations  evolved  be¬ 
cause  of  demands  on  the  tree-dwelling  ancestors  of  today’s 
primates.  The  ability  to  grasp  with  the  hands  offered  many 
advantages  for  tree  dwellers.  The  development  of  binocu¬ 
lar  vision,  with  both  eyes  facing  forward,  greatly  increased 
depth  perception.  And  because  of  this  advancement,  the 
sharpness  of  the  tree  dwellers’  vision  was  greatly  in¬ 
creased.  This,  in  turn,  decreased  the  necessity  for  a  keen 
sense  of  smell.  Another  key  adaptation  was  the  decrease  in 
the  number  of  offspring.  They  usually  gave  birth  to  one  or 
two  offspring  at  a  time.  These  advancements  that  devel¬ 
oped  in  tree  dwellers  greatly  increased  the  survival  poten¬ 
tial  of  all  primates. 

There  are  two  suborders  of  the  primates.  One  (suborder 
Prosimii)  consists  of  the  tree  shrew,  lemur,  bushbaby,  and 
tarsier.  These  are  the  most  primitive  primates.  Generally 
they  have  not  been  successful.  Their  populations  are  lim¬ 
ited  to  remote  regions  of  Asia  and  Africa.  Many  are  con¬ 
fined  to  the  large  island  of  Madagascar,  which  is  off  the 
coast  of  eastern  Africa.  Most  primates  in  this  group  have 
large  eyes.  But  they  lack  the  intelligent  expression  of  the 
other  primates. 

The  other  suborder  of  primates  (suborder  Anthro- 
poidea)  consists  of  monkeys,  apes,  and  humans.  Generali) 
the  members  of  this  suborder  have  flattened  faces.  They 
also  have  very  complex  brains  and  are  the  most  intelligent 
of  all  mammals. 

The  chimpanzees  have  been  studied  more  than  an)' 
other  group  of  primates  except  humans.  There  is  no  ques- 
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While  a  few  species  of  primates, 
such  as  baboons  and  gorillas,  are 
primarily  ground-dwellers,  most 
primates  are  arboreal. 


tion  that  they  share  many  human  traits.  Next  to  humans 
they  are  the  most  intelligent  primates.  They  can  learn  and 
invent.  They  can  be  taught  to  speak  a  few  simple  words.  In 
one  recent  study  a  young  chimp  was  taught  to  recognize 
objects  and  associate  them  with  over  100  printed  words.  In 
addition,  the  blood  reactions  and  protein  structure  of 
chimps  are  similar  to  those  of  humans. 


CHECK  YOUR  FACTS 

1.  Why  have  the  mammals  succeeded  in  dominating  the 
other  animals? 

2.  List  six  characteristics  of  mammals. 

3.  What  are  monotremes?  How  do  they  nurse  their  young? 

4.  How  do  marsupials  differ  from  other  mammals? 

5.  What  is  a  placenta? 
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Special  Adaptations  of  Mammals 

32—12  Adaptations  of  the  integument  The  in¬ 
tegument  of  mammals  consists  of  the  two  layers  found  in 
other  vertebrates— the  epidermis  and  the  dermis.  However, 
the  integument  of  mammals  is  usually  thicker  than  that  of 
other  vertebrates.  This  gives  it  more  of  a  protective  func¬ 
tion.  Also  the  integument  has  a  number  of  adaptations  that 
further  increase  the  mammals’  chances  of  survival. 


FIGURE  32-1 

A  section  of  skin  from  a  mammal 
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32—13  Hair  We  have  already  mentioned  that  mam¬ 
mals  have  hair  growing  out  of  the  integument.  Hair  is  pro¬ 
duced  by  the  epidermis.  However,  it  grows  from  a  tubelike 
cavity,  called  a  follicle  (fol'a  col),  which  extends  down 
into  the  dermis.  The  hair  itself  grows  from  living  cells  in¬ 
side  the  follicle,  but  it  is  nonliving  and  is  made  up  of  a  pro¬ 
tein  called  keratin  (ker'a  tin). 

Attached  to  the  follicle  is  a  small  muscle  that  can  con¬ 
tract  and  cause  the  follicle  to  stand  upright.  If  there  is  a 
hair  in  the  follicle,  it  stands  upright  too.  This  mechanism 
allows  the  hair  to  trap  more  air,  which,  like  feather  “ruf¬ 
fling”  of  birds,  helps  prevent  the  loss  of  body  heat.  The 
mechanism  also  works  when  mammals  are  angry  or  fright¬ 
ened.  It  causes  their  hair  to  “stand  on  end,”  an  adaptation 
that  makes  them  look  larger  and  more  dangerous.  The  fol¬ 
licles  in  humans  also  react  to  cold  and  to  various  emotional 
states,  but  all  we  experience  is  bumps  on  the  skin  called 
“goosebumps.” 

Mammals  that  live  in  cold  climates  usually  have  two 
types  of  hair.  One  type,  called  underhair,  is  soft  and 
very  dense;  it  insulates  the  body.  The  underhair  is  usually 
shed,  or  molted,  during  the  summer.  The  second  type  of 
hair,  called  guard  hair,  is  the  outer  hair.  It  is  thicker  and 
coarser,  and  provides  more  of  a  protective  covering.  The 
guard  hair  also  has  various  pigments  that  give  mammals 
their  characteristic  color.  However,  most  mammals  are 
drab-colored  when  compared  to  birds.  Their  color  mainly 
helps  them  blend  into  their  surroundings. 

32—14  Glands  Mammals  have  in  their  integument  a 
number  of  glands  that  produce  secretions.  The  sweat 
glands  produce  a  weak  saltwater  solution,  which  cools 
the  body  as  it  evaporates.  Some  glands  produce  oils  that 
keep  the  hair  soft  and  flexible.  Others  produce  various 
scents,  or  chemicals  that  have  a  distinct  odor.  The  scents 
mostly  function  during  mating  and  for  the  marking  of  terri¬ 
tories.  A  territory  (ter'3  tor  e)  is  a  space  that  an  animal 
defends  and  uses  for  its  own  purposes,  such  as  feeding, 
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mating,  or  raising  the  young.  Another  type  of  in¬ 
tegumentary  gland  is  the  mammary  gland,  which  has  al¬ 
ready  been  discussed. 

32— IS  Scales,  horns,  and  antlers  Other  adapta¬ 
tions  of  the  integument  include  scales,  horns,  and  antlers. 
Scales  are  found  on  the  armadillo  and  the  Asian  pangolin. 
They  are  of  dermal  origin  and  help  protect  the  animal  from 
predators. 

Horns  are  hollow  outgrowths  of  the  epidermis  and  are 
made  of  keratin,  the  protein  found  in  hair,  fingernails,  and 
claws.  Horns  are  found  on  both  male  and  female  mammals 
such  as  sheep,  cattle,  and  goats.  Most  horns  grow  and  re¬ 
main  on  the  head  for  the  life  of  the  animal.  The  pronghorn 
antelope  is  an  exception,  shedding  its  horns  each  year. 

Antlers,  such  as  are  found  on  deer  and  elk,  are  com¬ 
pletely  different  structures  from  horns.  Antlers  are  made 
up  of  solid  bone.  Except  for  reindeer,  antlers  are  found 


The  armadillo’s  integument  has 
been  modified  into  protective 
scales.  This  animal  feeds  mostly 
on  insects  and  is  spreading  its 
range  northward. 


The  caribou  is  a  migrating  member  of  the  deer  family.  It  is  found  in  Alaska 
and  Canada  and  feeds  on  grasses,  mosses,  and  lichens. 
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only  on  males  and  are  used  during  breeding  season  for  de¬ 
fending  a  territory.  Each  year,  after  breeding  season,  ant¬ 
lers  are  shed  and  must  be  regrown. 

32—16  Teeth  Most  mammals  have  two  sets  of  teeth 
during  their  lifetime.  The  first  set,  called  deciduous  (di 
sij'u  as)  teeth,  are  like  the  “baby  teeth”  of  humans.  They 
function  during  the  early  years  of  life,  then  are  shed.  The 
second  set  of  teeth,  called  permanent  (per'ma  nant) 
teeth,  normally  remain  for  the  lifetime  of  the  mammal. 

Mammals  have  teeth  that  are  specialized  for  their  unique 
type  of  eating.  Incisors  (in  sTzsrs)  are  front  teeth  that  are 
used  for  biting.  Rodents  and  rabbits  have  very  sharp  in¬ 
cisors.  The  lower  incisors  of  rodents  grow  constantly  and 
have  to  be  worn  down  by  gnawing.  Back  of  the  incisors 
are  the  canines  (ka'nlnz),  which  are  the  longest  and  most 
sharp-pointed  of  mammal  teeth.  The  canines  are  adapted 
for  piercing  and  are  the  fangs  of  the  carnivore.  Pre¬ 
molars  (pre  mo'lars)  are  just  behind  the  canines;  they  are 
often  sharp  and  are  used  for  cutting  and  slicing.  The  mo¬ 
lars  (mo'lars)  are  farthest  back  in  the  jaw  and  are  adapted 
for  brushing  and  grinding.  The  molars  of  herbivores  are 
usually  wider  and  flatter  than  the  molars  of  carnivores. 

Some  mammals  have  highly  modified  teeth  that  protrude 
from  the  mouth  and  are  called  tusks.  For  example,  the  ele¬ 
phant  has  tusks  that  are  very  long  upper  incisors.  The  wild 
boar  has  tusks  that  are  modified  canines. 

32—17  Adaptations  for  feeding  and  diges¬ 
tion  The  herbivores  have  one  of  the  most  interesting 
adaptations  for  digesting  food.  Their  food  consists  mostly 
of  the  polysaccharide  called  cellulose.  Cellulose  is  a  chain 
of  simple  sugars  that  must  be  broken  down  during  the  di¬ 
gestive  process.  The  problem  for  herbivores  is  that  they  do 
not  produce  enzymes  that  can  break  down  the  cellulose 
chains.  Instead  they  must  rely  on  populations  of  bacteria 
that  live  in  their  digestive  tract.  In  this  regard  they  are  like 
the  termites  that  must  depend  upon  protozoans  in  their  di¬ 
gestive  tract.  Some  herbivores  have  multiple  stomachs 
figure  32-2  with  bacteria  working  on  the  cellulose  in  one  or  more  of  i 

Compare  the  different  them.  Most  herbivores  have  a  blind  pouch  or  tube,  called  a 

arrangements  of  teeth  in  these  cecum  (se'kam),  that  branches  off  the  intestine.  The  ce- 

cum  also  contains  bacteria  that  digest  cellulose.  All  herbi¬ 
vores  have  longer  digestive  tracts  than  carnivores  have. 
The  longer  digestive  tract  allows  more  time  and  space  for 
the  plant  matter  to  be  digested  and  absorbed. 

There  is  an  interesting  relationship  between  the  size  of  a 
mammal  and  the  food  that  is  required  for  its  survival.  The 
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general  rule  is,  The  smaller  the  mammal,  the  more  food  it 
must  eat  in  relation  to  its  body  weight.  Shrews,  which  are 
the  smallest  mammals,  must  eat  more  than  their  body 
weight  each  day.  Without  food  they  will  starve  within  a 
few  hours.  On  the  other  hand,  large  carnivores  can  go  sev¬ 
eral  days  without  feeding. 

There  is  also  an  interesting  relationship  between  the 
feeding  time  of  large  herbivores  and  carnivores.  Large  her¬ 
bivores  must  spend  most  of  their  waking  hours  searching 
for  food  and  eating.  Many  large  carnivores  feed  at  wide  in¬ 
tervals  and  have  much  more  free  time. 

32— IS  Adaptations  for  winter  Besides  their 
dense  growth  of  underhair,  mammals  have  a  number  of 
other  adaptations  to  help  them  survive  the  cold  winter 
months.  Some,  like  squirrels,  chipmunks,  pikas,  and  mice, 
store  food  during  the  summer  or  autumn.  This  food  is  then 
used  during  the  cold  winter  months. 

Another  adaptation  is  a  type  of  behavior  called  hiber¬ 
nation  (hi  bar  na'shan).  During  hibernation,  animals 
such  as  ground  squirrels  and  woodchucks  go  to  sleep  and 
their  body  temperature  drops.  It  may  drop  to  within  a  de¬ 
gree  of  the  air  temperature  in  the  ground  where  they  are 


In  hibernating  mammals,  body  temperature  drops  to  within  a  degree  of 
the  air  temperature,  although  it  will  not  fall  below  0°C. 


SCIENCE  TERMS 

follicle 
keratin 
underhair 
guard  hair 
sweat  glands 
territory 
deciduous  teeth 
permanent  teeth 
incisors 
canines 
premolars 
molars 
cecum 
hibernation 
estrous  cycle 
gestation  period 
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sleeping.  However,  a  mechanism  within  their  body  will 
keep  their  temperature  above  freezing.  Also  during  hiber¬ 
nation  the  heart  and  respiratory  rates  both  drop.  In  some 
cases  the  heart  rate  may  drop  from  150  to  5  beats  per  min¬ 
ute.  Animals  that  hibernate  wake  up  occasionally  to  elimi¬ 
nate  wastes,  but  then  they  go  right  back  to  sleep. 

Some  other  mammals,  such  as  certain  bears,  badgers, 
raccoons,  and  opossums,  go  into  what  is  called  a  pro¬ 
longed  sleep.  This  is  not  a  true  hibernation.  The  body  tem¬ 
perature  drops  very  little,  if  at  all.  Also  the  animal  may 
awaken  several  times  during  the  winter  and  may  have  pe¬ 
riods  of  considerable  activity. 

Many  mammals  migrate  between  seasons,  although  their 
migrations  are  not  as  spectacular  as  those  of  the  birds.  In 
the  arctic,  great  herds  of  caribou  migrate  from  summer 
ranges  to  winter  ranges  to  take  advantage  of  different  food 
supplies.  However,  the  champion  migrators  are  the  seals 
and  whales,  which  live  in  the  oceans  and  may  migrate  for 
great  distances. 

32—19  Adaptations  for  reproduction  Most 
mammals  are  adapted  for  a  seasonal  reproductive  cycle, 
with  the  young  born  at  the  most  favorable  time  of  the  year. 
Most  female  mammals  have  their  own  unique  reproductive 
cycle,  called  the  estrous  (es'tros)  cycle.  The  estrous 
cycle  includes  the  whole  series  of  events  associated  with 
egg  production  and  the  fertilization  of  the  eggs.  The  female 
rat  will  repeat  the  estrous  cycle  every  4  days  until  she  be¬ 
comes  pregnant.  The  estrous  cycle  of  the  cow  is  2 1  days, 
and  of  the  dog,  6  months.  However,  for  some  animals,  like 
the  hare  and  the  rabbit,  the  estrous  cycle  is  continuous, 
and  the  female  can  become  pregnant  anytime. 

The  period  of  time  in  which  the  young  develop  in  the  fe¬ 
male  mammal  is  called  the  gestation  (jes  ta'shon)  pe¬ 
riod.  Generally  the  larger  the  animal  is,  the  longer  the  ges¬ 
tation  period.  For  rats  the  gestation  period  is  21  days.  For 
cats  and  dogs  it  is  60  days,  and  for  the  elephant,  22 
months. 


CHECK  YOUR  FACTS 

1 .  What  is  a  follicle? 

2.  Why  does  hair  stand  on  end?  Is  hair  living  tissue? 

3.  Describe  two  types  of  hair  found  on  mammals  that  live  in 
cold  climates. 

4.  List  four  products  of  glands  in  the  integument  and  state 
their  functions. 

5.  What  are  some  differences  between  horns  and  antlers? 


SUMMARY 


Because  they  are  intelligent,  warm-blooded,  and  adaptable, 
the  mammals  have  replaced  the  reptiles  as  the  dominant  ani¬ 
mal  on  earth.  Mammals  nurse  their  young  and  care  for  them 
till  they  reach  adulthood.  They  have  hair  and  other  structures 
in  their  integument.  The  mammals  have  the  largest  brain  and 
are  the  most  intelligent  organisms  on  earth.  Mammals  are  di¬ 
vided  into  three  groups,  based  on  patterns  of  development. 
Most  mammals  are  placental  mammals.  There  are  sixteen  or¬ 
ders  of  placental  mammals. 


REVIEW  QUESTIONS 

1.  Why  are  the  mammals  so  successful? 

2.  In  what  two  ways  do  mammals  raise  their  young  dilfer- 
ently  from  other  animals? 

3.  Explain  how  mammals  are  divided  into  three  main 
groups. 

4.  In  which  taxonomic  order  would  you  find  long  canine 
teeth?  What  mammals  do  not  have  teeth? 

5.  What  distinguishes  order  Carnivora,  since  many  mam¬ 
mals  are  meat  eaters? 

6.  Describe  how  the  respiratory  system  of  whales  is 
adapted  for  life  in  the  water. 

7.  What  are  the  outstanding  adaptations  that  have  enabled 
the  primates  to  survive  and  'succeed?  Are  all  primates 
successful? 

8.  What  are  the  functions  of  the  two  types  of  hair?  What  are 
they  made  of?  What  are  follicles? 

9.  How  do  glands  in  the  integument  benefit  the  mammal? 
What  is  a  territory? 

10.  Distinguish  between  horns,  tusks,  fangs,  and  antlers. 


ANALYSIS  AND  APPLICATION 

1.  What  group  of  birds  has  binocular  vision  like  that  of  mam¬ 
mals? 

2.  Rank  the  following  mammals  in  the  probable  order  of 
their  gestation  periods. 

a.  jackrabbit 

b.  beaver 

c.  shrew 

d.  goat 

e.  human 

f.  rat 

g.  elephant 
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UNIT  6  REVIEW 


1.  What  are  the  distinguishing  characteristics  of  the  phy¬ 
lum  Chordata? 

2.  What  are  the  unique  characteristics  of  the  subphylum 
Vertebrata? 

3.  Fish  is  an  important  food  source  for  people  in  many  na¬ 
tions.  Prepare  a  report  on  the  Canadian  fishing  industry. 
Include  information  on  the  size  of  the  yearly  catch,  ma¬ 
jor  types  of  fish  caught,  and  the  importance  of  fish  to 
Canada’s  food  supply. 

4.  Describe  the  nature  of  the  circulatory  system  in 
amphibians. 

5.  Find  out  what  frogs,  toads,  and  salamanders  are  native  to 
your  area.  If  possible,  take  a  field  trip  to  a  wooded  area 
and  pond,  and  observe  and  identify  area  amphibians. 

6.  What  adaptations  in  reptiles  have  enabled  them  to  be 
more  successful  in  living  on  land  than  amphibians? 

7.  Scientists  recognize  two  orders  of  dinosaurs,  Or- 
nithischia  and  Saurischia.  Prepare  a  report  on  the  differ¬ 
ences  between  these  two  orders  of  dinosaurs.  Include 
comments  about  specific  members  of  each  order. 

8.  Prepare  a  report  on  the  habits  and  habitats  of  the  three 
poisonous  snakes  native  to  Canada.  Include  in  your 
report  identifying  features  and  pictures  or  sketches  if 
possible. 

9.  Discuss  the  characteristics  of  bird  feathers  and  the  basic 
types  of  feathers  found  on  birds. 

10.  Prepare  a  report  on  bird  migration.  Include  current  in¬ 
formation  on  how  birds  navigate  and  factors  involved  in 
the  timing  of  migration. 

11.  Several  species  of  birds  are  endangered.  Prepare  a  report 
on  an  endangered  bird  species  including  reasons  why  it 
is  endangered  and  steps  being  taken  to  protect  it. 

12.  What  are  the  distinguishing  characteristics  of  mammals? 

13.  Certain  mammals  that  existed  during  the  Ice  Age  are 
now  extinct.  Prepare  a  report  on  Ice  Age  mammals  and 
their  adaptations  to  their  environment. 

14.  Discuss  some  of  the  adaptations  of  mammals  that  are 
helpful  in  surviving  through  winter. 
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HUMAN 

PHYSIOLOGY 


Physiology  is  the  study  of  function. 
Human  physiology  is  the  study  of  how 
the  various  organs  and  systems  of  the 
human  body  carry  out  their  functions. 

It  is  a  study  of  digestion,  circulation, 
breathing,  movement,  regulation, 
nervous  control,  and  the  mechanisms 
by  which  humans  reproduce 
themselves.  All  these  topics  are  an 
important  part  of  the  general  study  of 

biology. 


Food  and 


The  First  Stages  of  Digestion 

33—1  The  digestive  system  The  function  of  the  di¬ 
gestive  system  is  to  break  down  food  into  the  molecular 
form  that  can  be  absorbed  into  the  bloodstream  and  used 
by  the  cells.  Proteins  are  broken  down  into  amino  acids. 
Carbohydrates,  which  are  starches  and  sugars,  are  broken 
down  into  simple  sugars,  such  as  glucose.  Fats  are  broken 
down  into  fatty  acids  and  glycerol. 

The  complete  work  of  the  digestive  system  involves 
three  processes.  The  first  is  mechanical  digestion  (mo 
kan'a  kal  da  jes'chan),  the  physical  breakdown  of  food 
into  small  particles.  The  second  process,  chemical  di¬ 
gestion,  is  the  chemical  breakdown  of  carbohydrates, 
proteins,  and  fats  by  digestive  enzymes.  The  third  process, 
by  which  the  products  of  chemical  digestion  are  moved 
into  the  bloodstream,  is  called  absorption  (ab 
sorp'shan). 

33—2  The  beginning  The  first  process  of  digestion, 
mechanical  digestion,  begins  in  the  mouth.  The  chewing 
of  food  reduces  its  size  and  allows  it  to  be  swallowed. 
Chewing  allows  the  food  to  mix  with  saliva  (sa  ll'va),  a 
thick  liquid  that  is  always  present  in  the  mouth. 

Saliva  performs  several  functions.  It  moistens  the  food 
and  holds  it  together  so  that  it  can  be  chewed  and  swal¬ 
lowed.  It  dissolves  some  of  the  food  and  makes  it  possible 
for  our  taste  receptors  to  function.  It  cleans  the  mouth  cav¬ 
ity,  and  it  kills  some  of  the  harmful  bacteria  that  get  into 
the  mouth.  In  addition,  saliva  contains  an  enzyme  called 
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FIGURE  33-1  The  locations  of  the  three  salivary  glands  are  shown  in  the 
illustration  above. 


salivary  amylase  (sal'a  ver  e  am'a  las)  or  ptyalin 

(tl'o  lin),  which  breaks  starches  into  smaller  fragments. 
The  salivary  amylase  begins  the  first  process  of  chemical 
digestion.  The  process  continues  in  the  stomach  until  the 
enzyme  action  is  stopped  by  stomach  acid. 

Saliva  is  produced  mainly  by  three  pairs  of  salivary 
glands  that  empty,  by  ducts,  into  the  mouth.  The  sub¬ 
maxillary  (sub  mak'so  ler  e)  glands,  which  are  under 
the  molars  in  the  lower  jaw,  produce  about  two  thirds  of 
the  saliva.  The  parotid  (po  rot'id)  glands  are  found  just 
in  front  of  the  ears.  The  third  pair,  the  sublingual  (sub 
ling'gw^l)  glands,  are  below  the  tongue.  The  salivary 
glands  are  more  active  than  most  people  realize.  In  an 
adult  they  produce  1  to  1 .5  L  of  saliva  per  day. 

33—3  The  teeth  The  teeth  have  the  most  important 
role  in  mechanical  digestion.  In  an  adult  the  normal  num¬ 
ber  of  teeth  includes  8  incisors,  4  canines,  8  premolars, 
and  12  molars. 

The  basic  structure  of  a  tooth  is  shown  in  Figure  33—1 . 
The  part  of  the  tooth  above  the  gum  is  called  the  crown. 
The  part  below  the  gum  is  the  root.  Between  the  crown 
and  the  root,  at  the  gum  line,  is  the  region  of  the  tooth 
called  the  neck. 


33—4  Swallowing  Food  leaves  the  mouth  and  starts 
on  its  way  to  the  stomach  by  the  process  of  swallowing. 
On  this  route,  food  first  passes  through  the  throat,  or 
pharynx  (far'ingks),  which  is  a  funnel-shaped  tube.  Here 
a  problem  can  arise  because  the  pharynx  is  a  dual  path¬ 
way.  Air  from  the  nose  also  moves  through  the  pharynx 
into  the  trachea  (tra'ke  a),  or  windpipe.  Normally  we 
have  a  process  that  keeps  the  flow  of  air  and  food  sepa¬ 
rated.  When  we  swallow,  the  voice  box,  or  larynx 
(lar'ingks),  moves  upward.  (Place  a  finger  on  your 
“Adam’s  apple”  and  you  can  feel  it  move  upward  when 
you  swallow.)  There  is  a  small  flap  on  the  larynx,  called 
the  epiglottis  (ep  9  glot'is).  This  flap  usually  prevents 
food  from  entering  the  trachea  as  it  passes  down  the 
throat. 

Sometimes  accidents  happen  and  food  becomes  stuck  in 
the  opening  of  the  trachea.  This  prevents  air  from  entering 
the  lungs,  which  causes  choking.  Often  the  food  is  forced 
out  of  the  trachea  by  coughing.  However,  if  the  food 
should  remain,  the  choking  victim  may  die.  The  person 
cannot  speak  or  breathe  and  can  die  within  a  very  short 
time.  If  choking  occurs,  the  victim  can  be  saved  by  the 
standard  first  aid  procedure  called  the  Heimlich  hug. 
This  procedure  is  illustrated  in  Figure  33-4. 

33—5  The  esophagus  After  food  leaves  the  pharynx 
it  enters  the  esophagus  (e  sofa  gas),  which  is  a  muscular 
tube.  Once  in  the  esophagus,  food  is  pushed  along  by 
waves  of  muscle  contraction  called  peristaltic  (per  a 
stal'tik)  waves.  They  keep  the  food  and  the  wastes  of  di¬ 
gestion  moving  through  the  remainder  of  the  digestive 
tube.  Water  will  move  through  the  esophagus  in  about  one 
second.  However,  if  a  large  firm  wad  of  food  is  swallowed, 
it  may  require  as  long  as  nine  seconds  before  it  reaches  the 
stomach. 

About  5  cm  before  the  esophagus  joins  the  stomach, 
there  is  a  ring  of  muscles  that  act  as  a  sphincter  (sfingk'tar). 
A  sphincter  is  a  type  of  valve  that  closes  and  opens  by  the 
squeezing  and  relaxing  of  muscles.  The  sphincter  in  the 
esophagus  keeps  material  in  the  stomach  from  coming  back 
up  the  esophagus  when  the  stomach  muscles  contract.  (The 
sphincter  is  forced  open  during  vomiting,  when  food  is  force¬ 
fully  expelled  from  the  stomach.)  The  esophagus  is  not  lined 
with  the  protective  coating  found  in  the  stomach.  Therefore 
enzymes,  helped  by  strong  acid  from  the  stomach,  could  di¬ 
gest  the  wall  of  the  esophagus  and  create  a  sore,  which  we 
shall  describe  later  in  the  chapter. 


FIGURE  33-4 

Food  that  is  lodged  in  the  trachea 
may  be  forced  out  by 
administering  a  procedure  known 
as  the  Heimlich  hug. 
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CHECK  YOUR  FACTS 


1.  What  is  the  function  of  the  digestive  system? 

2.  What  three  processes  are  involved  in  digestion?  Which  oc¬ 
cur  in  the  mouth? 

3.  What  are  the  functions  of  saliva? 

4.  Where  is  saliva  produced? 

5.  Where  is  the  periodontal  membrane  located?  What  is  its 
function? 


The  Role  of  the  Stomach 

33—6  Structure  of  the  Stomach  The  stomach  is 
an  enlarged  part  of  the  digestive  tube.  When  it  is  empty  its 
walls  are  almost  touching,  and  there  is  very  little  space  in¬ 
side.  After  eating,  the  stomach  stretches  and  will  hold  a 
volume  of  about  1  L. 

Food  enters  the  stomach  from  the  esophagus  through  an 
opening  called  the  cardia  (kar'de  o).  The  other  opening, 
called  the  pylorus  (pi  lor'os),  is  between  the  stomach 
and  the  small  intestine.  At  the  pylorus  is  a  ring  of  muscles 
called  the  pyloric  sphincter,  which  controls  the  move¬ 
ment  of  materials  into  the  small  intestine. 

The  walls  of  the  stomach  are  made  up  largely  of  muscles 
that  run  in  different  directions.  These  are  smooth  mus¬ 
cles,  which  are  involuntary  and  are  of  the  type  found  in 
the  walls  of  the  entire  digestive  tract.  The  inside  of  the 
stomach  is  lined  with  cells  that  secrete  gastric  juices.  The 
gastric  juices  include  a  variety  of  chemicals  that  help  the 
stomach  perform  its  functions. 

33—7  Functions  of  the  stomach  One  function  of 
the  stomach  is  to  store  the  large  quantity  of  food  that  is  of¬ 
ten  consumed  at  a  meal.  The  stomach  also  has  two  diges¬ 
tive  functions.  First,  it  completes  the  mechanical  digestion 
that  was  started  in  the  mouth.  The  peristaltic  waves  help  in 
mechanical  digestion  by  squeezing  the  stomach.  This 
mixes  the  food  with  the  gastric  juices  and  results  in  a  pasty 
fluid  called  chyme  (kirn).  The  food  particles  in  the  chyme 
become  smaller  and  smaller,  greatly  increasing  the  surface 
area  that  is  exposed  to  enzyme  action. 

The  second  function  of  the  stomach  is  to  begin  the 
chemical  digestion  of  proteins.  This  process  requires  two 
chemicals,  both  of  which  are  secreted  by  cells  in  the  stom¬ 
ach  lining.  One  chemical  is  the  enzyme  pepsin  (pep'sin). 
This  enzyme  breaks  protein  molecules  down  into  shorter 
chains  of  amino  acids  called  peptides  (pep'tldz).  The 


490 


ESOPHAGUS 


CARDIA 


PANCREATIC  DUCT 


SMOOTH  MUSCLE  LAYERS 
- PYLORUS 


PANCREAS 


GALL  BLADDER 


PYLORIC  SPHINCTER 

COMMON  BILE  DUCT 
DUODENUM  - 


FIGURE  33-5 

The  stomach  wall  consists  of  three  layers  of  smooth  muscle.  Mechanical 
digestion  is  completed  by  contractions  of  these  muscles. 


second  chemical  is  hydrochloric  acid,  which  makes  it 
possible  for  the  pepsin  to  function.  Unless  pepsin  is  in  a 
strong  acid  solution,  it  cannot  function  as  an  enzyme. 


33—8  Protection  of  the  stomach  Why  doesn’t  the 
stomach  digest  itself?  It  does  not  because  it  is  protected  by 
a  thick,  sticky  substance  called  mucus  (myu'kas).  The 
mucus  is  produced  by  some  of  the  cells  that  line  the  stom¬ 
ach  and  it  forms  a  layer  that  is  1  mm  or  more  thick.  Mucus 
is  also  produced  by  cells  in  the  lining  of  the  small  and  the 
large  intestines,  where  it  serves  the  same  function. 

Sometimes  the  mucus  fails  to  protect  the  wall  of  the 
stomach.  When  this  occurs,  pepsin  begins  to  digest  part  of 
the  wall,  creating  a  sore  called  a  peptic  ulcer  (pep'tik 
ul'sDr).  Peptic  ulcers  can  also  occur  just  inside  the  duode¬ 
num  (dti  9  de'nam),  which  is  the  first  section  of  the  small 
intestine.  They  are  caused  by  pepsin  that  is  in  the  chyme 
when  it  leaves  the  stomach.  This  variety  of  peptic  ulcer  is 
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The  aroma  produced  by  food  as 
it  cooks  over  a  fire  may  stimulate 
the  appetite  of  a  person  nearby. 


SCIENCE  TERMS 

cardia 

pylorus 

pyloric  sphincter 
smooth  muscles 
chyme 
pepsin 
peptides 

hydrochloric  acid 

mucus 

peptic  ulcer 

duodenum 

hunger 

appetite 


called  a  duodenal  ulcer.  Peptic  ulcers  also  develop  occa¬ 
sionally  in  the  lower  part  of  the  esophagus.  They  are 
caused  by  a  backward  flow  of  chyme. 

Many  people  think  that  ulcers  are  caused  directly  by  ex¬ 
cess  stomach  acid.  In  a  way  they  are,  but  the  acid  is  only 
the  indirect  cause.  The  acid  only  makes  it  possible  for  the 
pepsin  to  digest  the  tissue.  The  pepsin  is  the  direct  cause  of 
the  ulcer.  Treatment  for  ulcers  includes  antacid  medicines 
that  neutralize  the  hydrochloric  acid  and  prevent  pepsin 
from  working. 

33—9  Hunger  and  appetite  About  12  to  24  h  after 
eating,  the  stomach  begins  a  series  of  strong  contractions. 
These  cause  a  mild  pain  sensation  and  are  called  “hunger 
pangs.”  The  hunger  pangs  create  a  strong  desire  for  food, 
a  desire  called  hunger. 

Appetite  (ap'a  tit)  is  entirely  different  from  hunger. 
Appetite  is  the  psychological  desire  for  one  or  more  types 
of  food.  It  is  based  on  experience.  For  example,  after  once 
having  eaten  fried  chicken,  many  people  can  develop  an 
appetite  for  fried  chicken.  They  can  develop  the  appetite 
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by  smelling  it,  by  hearing  someone  talk  about  it,  or  by 
thinking  about  it. 


CHECK  YOUR  FACTS 

1.  What  is  the  pyloric  sphincter  and  what  does  it  do? 

2.  Where  are  the  cardia  and  the  pylorus  located? 

3.  What  are  the  involuntary  muscles  that  make  up  the  diges¬ 
tive  tube  called? 

4.  Describe  mechanical  digestion  in  the  stomach. 

5.  What  chemical  digestion  occurs  in  the  stomach? 


The  Small  and  the  Large  Intestines 


33—10  The  small  intestine  There  are  three  re¬ 
gions  of  the  small  intestine,  which,  in  total  length,  average 
about  5  m.  The  first  region,  the  duodenum,  is  by  far  the 
shortest.  It  is  about  20  cm  long.  The  other  two  regions  are 
the  jejunum  (ji  jii'nom)  and  the  ileum  (il'e  am). 

On  the  inside  wall  of  the  small  intestine  there  are  ridges 
that  increase  the  surface  area  about  3  times.  On  the  ridges 
there  are  millions  of  small  projections  called  villi  (vilT). 
The  villi  are  about  1  mm  long  and  wave  back  and  forth. 
The  villi  increase  the  surface  area  about  10  times.  In  addi¬ 
tion,  the  cells  that  line  the  surface  of  the  villi  have  projec¬ 
tions  called  microvilli  (mi'kro  vil'II).  The  microvilli  in¬ 
crease  the  surface  area  about  20  times.  Together  the  ridges, 
villi,  and  microvilli  increase  the  inside  surface  area  of  the 
small  intestine  about  600  times.  This  area  is  estimated  to  be 
about  250  m2,  which  is  larger  than  the  floor  area  of  most 
homes! 

33—11  Function  of  the  small  intestine  Most  of 
the  chemical  digestion  and  practically  all  of  the  absorption 
occurs  in  the  small  intestine.  Two  organs  assist  with  the  di¬ 
gestion.  The  liver,  which  is  the  largest  organ  in  the  body, 
produces  bile  (bll).  The  bile  is  stored  in  a  container  called 
the  gallbladder  (gol  blad'er).  The  bile  helps  digest  fats. 
The  other  organ  is  the  pancreas  (pan'kre  as),  which  is 
long  and  thin  and  lies  behind  and  slightly  below  the  stom¬ 
ach.  The  pancreas  produces  enzymes  that  digest  carbohy¬ 
drates,  proteins,  and  fats. 

33—12  Digestion  of  carbohydrates  Carbohy¬ 
drate  digestion  is  started  by  salivary  amylase,  but  acid  in 
the  stomach  eventually  stops  that  process.  It  starts  again 


FIGURE  33-6 

The  villi  and  microvilli  lining  the 
walls  of  the  small  intestine  greatly 
increase  the  surface  area  available 
for  absorption. 
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VILLUS 


FIGURE  33-7 

Simple  sugars  and  amino  acids 
are  absorbed  into  the  capillaries 
of  the  villi.  Glycerol  and  fatty 
acids,  as  triglycerides,  enter 
lymph  vessels. 


when  carbohydrates  reach  the  duodenum.  There  an  en¬ 
zyme  similar  to  the  one  in  the  saliva,  called  pancreatic 
(pan  kre  at'ik)  amylase,  breaks  starches  into  disac¬ 
charides  (dl  sak'a  rldz),  or  double  sugars,  and  mono¬ 
saccharides  (mon  9  sak'a  rldz),  or  simple  sugars.  Glucose 
makes  up  about  80  percent  of  the  simple  sugars  that  result 
from  carbohydrate  digestion.  Also  assisting  in  the  digestion 
of  carbohydrates  are  some  enzymes  in  the  microvilli  of  the 
small  intestine. 

33—13  Digestion  of  proteins  Pepsin  in  the  stom¬ 
ach  starts  protein  digestion,  but  the  acid  necessary  for  the 
pepsin  to  function  is  neutralized  in  the  duodenum.  Most  of 
the  proteins  have  been  broken  down  into  peptides— short 
chains  of  amino  acids— when  they  reach  the  duodenum. 
The  peptides  are  then  acted  upon  by  three  different  pro¬ 
teases  (pro'te  as  es)  that  are  secreted  by  the  pancreas. 
Protease  is  the  general  name  for  any  protein -digesting  en¬ 
zyme.  The  proteases  continue  to  break  peptide  bonds, 
which  are  the  bonds  that  link  the  individual  amino  acids  to 
each  other.  They  are  assisted  by  proteases  in  the  microvilli. 

33—14  Digestion  of  fats  Fats  are  harder  to  digest 
than  carbohydrates  or  proteins.  The  body  solves  this  prob¬ 
lem  by  treating  the  fats  with  bile  so  that  the  digestive  en¬ 
zymes  can  do  their  work.  The  bile  acts  like  dishwashing 
detergent  does  on  grease-covered  dishes.  The  detergent 
breaks  down  the  fat  into  small  droplets  that  can  be  washed 
off  with  water.  The  bile  breaks  down  the  fat  in  the  small 
intestine  into  the  same  tiny  droplets.  In  this  form,  the  fat- 
digesting  enzymes  can  attach  to  the  droplets  and  break 
them  down  further. 

The  main  enzyme  that  breaks  down  fats  is  produced  by 
the  pancreas.  It  is  called  pancreatic  lipase  (lTpas).  Li¬ 
pase  is  a  general  name  for  any  enzyme  that  breaks  down 
fats  or  fat-related  chemicals. 

Most  fats  in  our  food  are  triglycerides,  which  consist  of 
glycerol  and  three  fatty  acids.  The  digestive  process  breaks 
down  the  triglyceride  into  those  separate  molecules.  As 
with  the  other  food  molecules,  a  lipase  in  the  microvilli 
also  helps  digest  the  fats. 

33—15  Absorption  in  the  small  intestine  The 

main  end  products  of  digestion  are  simple  sugars  (mostly 
glucose),  amino  acids,  glycerol,  and  fatty  acids.  To  be  ab¬ 
sorbed  these  molecules  must  first  pass  into  the  cells  that 
line  the  villi.  However,  all  the  molecules  are  too  large  to 
diffuse  through  the  cell  membranes.  So  other  methods  of 
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transport  are  used.  The  simple  sugars  and  amino  acids  pass 
through  the  cell  membranes  by  active  transport.  Glycerol 
and  fatty  acids  probably  pass  through  the  membranes  by 
being  dissolved  in  the  lipid  layer  of  the  cell  membrane. 
Lipids  are  organic  compounds  that  include  fats,  oils,  and 
waxes.  Lipids  make  up  the  middle  of  the  cell  membrane. 

From  the  lining  cells  the  simple  sugars  and  amino  acids 
pass  into  capillaries  in  the  villi.  This  route  puts  them  di¬ 
rectly  into  the  bloodstream.  The  glycerol  and  fatty  acids 
take  another  route.  First,  they  are  resynthesized  into 
triglycerides,  or  fats.  This  occurs  in  the  endoplasmic  retic¬ 
ulum  of  the  lining  cells.  A  protein  coat  is  synthesized 
around  the  small  droplets  of  the  newly  formed  fat.  These 
then  enter  the  lymphatic  system. 

33—16  The  large  intestine  The  large  intestine,  or 
colon  (ko'bn),  is  much  shorter  than  the  small  intestine.  It 
is  called  the  large  intestine  because  it  is  larger  in  diameter. 

A  sphincter  at  the  junction  of  the  small  intestine  and  the 
colon  controls  the  movement  of  materials  into  the  colon. 
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FIGURE  33-8  The  ileocecal  valve  controls  the  flow  of  materials  from  the 
small  intestine  into  the  colon  or  large  intestine. 
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The  colon  has  two  main  functions.  One  function  is  ab¬ 
sorption,  which  occurs  mainly  in  the  first  half  of  the  colon. 
Water  and  certain  ions,  such  as  sodium  and  chloride  ions, 
are  absorbed.  Certain  vitamins,  produced  by  bacteria  in 
the  colon,  are  also  absorbed.  This  is  our  most  important 
source  of  vitamin  K,  the  vitamin  that  helps  our  blood  clot. 

The  second  function,  which  uses  the  last  half  of  the  co¬ 
lon,  is  storage.  The  material  being  stored  is  the  waste  mate¬ 
rial  from  digestion,  which  will  become  feces.  The  feces  are 
made  up  mostly  of  dead  bacteria  and  undigested  food.  The 
feces  are  released  through  the  anus  by  the  process  of  defe¬ 
cation  (def  3  ka'shsn).  Defecation  can  be  controlled  by 
the  last  sphincter  in  the  digestive  tube,  the  anal  sphinc¬ 
ter. 


CHECK  YOUR  FACTS 

1 .  What  are  the  three  regions  of  the  small  intestine? 

2.  What  parts  of  the  digestive  process  occur  in  the  small  in¬ 
testine? 

3.  Where  is  bile  produced  and  stored?  What  does  it  do? 

4.  Name  some  products  of  the  pancreas.  Where  is  it  located? 

5.  Describe  digestion  of  carbohydrates. 


Human  Food  Needs 

33—1 7  The  basic  six  Human  food  needs  fall  into  six 
categories:  proteins,  carbohydrates,  fats,  minerals,  vita¬ 
mins,  and  water.  Getting  enough  water  is  rarely  a  problem, 
so  we  shall  discuss  only  the  other  five. 

Nutrition  (nu  trish'sn)  is  the  special  science  that  tries 
to  determine  the  food  needs  of  people  and  other  organ¬ 
isms.  Malnutrition  (mal  nu  trish'on)  is  the  condition 
that  results  when  one  or  more  essential  foods  are  missing 
from  the  diet.  Malnutrition  can  cause  disease.  Severe  mal¬ 
nutrition  can  cause  death  by  starvation. 

Malnutrition  sometimes  occurs  even  when  people  have 
access  to  essential  foods.  Such  malnutrition  is  caused  by 
the  improper  selection  of  foods.  In  other  words,  the  essen¬ 
tial  foods  may  be  available,  but  they  are  not  selected  and 
eaten  for  some  reason.  The  lack  of  knowledge  might  be 
one  cause.  That  is  why  it  is  important  for  every  person  to 
know  what  foods  the  body  needs. 

33— IS  Proteins  When  a  diet  lacks  proteins,  the 
body  turns  upon  itself  and  begins  to  digest  the  proteins  in 
its  own  tissues.  It  uses  the  amino  acids  to  build  body  pro- 


Table  33—1  The  Basic  Nutrients 


Nutrient 

Good  Effect  of 

Sources  Functions  Deficiency 

Carbohy¬ 

drates 

sugar,  supply  energy  lack  of  en- 

bread,  ergy,  loss 

cereals,  po-  of  weight 

tatoes,  rice, 
pasta,  fruit 

Fats 

butter,  lard,  supply  energy,  lack  of  en- 

margarine,  protect  the  ergy,  loss 

nuts,  oils,  body,  essential  of  weight 

red  meats  for  many  life 

processes 

Proteins 

complete—  promote  retarded 

fish,  meat,  growth  and  tis-  growth,  low 

poultry,  sue  repair,  re-  resistance, 

eggs,  milk,  sistance,  lack  of  en- 

cheese  enzymes  ergy,  poor 

.  body  func- 

mcomplete  . 

tioning 

—dried 
peas  and 
beans, 
lentils,  nuts, 
cereals 

teins  that  are  the  most  essential  for  life.  During  a  protein 
deficiency  some  of  the  first  tissues  that  are  used  are  the 
muscles.  That  is  why  starving  people  look  as  if  they  are 
nothing  but  “skin  and  bones.”  Other  body  tissues  that  are 
digested  during  a  protein  deficiency  are  the  blood  proteins 
that  make  antibodies.  Antibodies  protect  us  from  infectious 
diseases  that  are  caused  by  bacteria  and  viruses.  Therefore 
a  person  with  a  protein  deficiency  can  catch  any  number 
of  infectious  diseases. 

The  proteins  in  our  food  are  primarily  tissue  builders. 
The  amino  acids  that  they  provide  are  used  to  make  all  the 
different  body  proteins.  But  8  out  of  the  20  amino  acids 
that  are  found  in  proteins  are  called  essential  amino 
acids.  An  essential  amino  acid  is  one  that  cannot  be 
synthesized  by  the  body. 

All  essential  amino  acids  must  be  available  to  the  cell’s 
protein  synthesis  machinery  before  there  is  any  attempt  to 
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make  a  protein.  If  only  7  of  the  essential  amino  acids  are 
present,  the  cell  does  not  make  part  of  a  protein  and  wait 
until  the  eighth  appears.  The  lack  of  any  one  essential 
amino  acid  shuts  down  the  protein  synthesis  machinery. 

What  about  the  other  1 4  of  the  20  amino  acids?  The 
other  1 4  amino  acids  can  be  synthesized  out  of  raw  mate¬ 
rials  such  as  nitrogen  compounds  or  other  amino  acids. 

In  foods,  proteins  that  contain  all  8  essential  amino  acids 
are  called  complete  proteins.  Eggs,  milk,  and  meats  are 
our  most  complete  proteins.  Partial  proteins  are  those 
that  lack  one  or  more  of  the  essential  8  amino  acids.  Zein, 
which  is  the  protein  in  corn,  is  an  example  of  a  partial  pro¬ 
tein.  In  cultures  where  the  diet  is  mainly  corn  and  is  not 
supplemented  with  other  foods,  the  children  are  most  seri¬ 
ously  affected.  They  can  suffer  various  diseases,  mental  re¬ 
tardation,  and  stunted  growth.  Generally  meat  and  dairy 
foods  have  more  complete  proteins  than  vegetables. 

Pregnancy  is  a  critical  time  when  complete  proteins 
must  be  included  in  the  diet.  Recent  studies  indicate  that 
incomplete  brain  development  and  mental  retardation  can 
result  when  a  pregnant  mother  does  not  have  enough  com¬ 
plete  proteins.  What  is  worse,  those  conditions  cannot  be 
reversed  after  the  birth  of  the  child. 

33—19  Carbohydrates  An  extremely  small  amount 
of  carbohydrates  is  essential  in  the  body.  However,  our 
diet  usually  contains  enough  carbohydrates  to  take  care  of 
those  needs.  Carbohydrates  are  our  cheapest  food  and  they 
are  most  useful  as  a  fuel  to  provide  energy.  It  was  men¬ 
tioned  earlier  that  about  80  percent  of  our  carbohydrates 
are  broken  down  into  the  simple  sugar  glucose.  The  glu¬ 
cose  provides  energy  when  it  is  broken  down  in  the  pro¬ 
cess  called  respiration. 

Carbohydrates  are  not  the  sole  source  of  energy.  Fats 
and  amino  acids  are  also  broken  down  to  provide  energy. 
The  typical  supply  of  body  energy  is  estimated  as  follows: 
carbohydrates— 58  percent,  fats— 30  percent,  proteins— 12 
percent. 

The  energy  value  of  any  food  is  measured  in  the  amount 
of  heat  it  will  produce  when  burned  in  oxygen.  The  heat 
energy  that  is  released  is  measured  in  units  called  kilo¬ 
joules.  A  kilojoule  represents  the  amount  of  energy 
which,  when  added  to  1  kg  of  water,  will  raise  the  temper¬ 
ature  of  the  water  by  4.2° C. 

33—20  Fats  Like  carbohydrates,  some  fats  are  essen¬ 
tial  in  the  body.  However,  such  a  small  amount  is  needed 
that  fat  malnutrition  is  rare.  Fats  are  primarily  of  value  for 
the  energy  that  they  supply. 
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Grains,  such  as  wheat,  are  an  important  source  of  carbohydrates. 
Carbohydrates  supply  energy  for  life  processes. 


Most  carbohydrates  that  are  not  needed  for  energy  are 
converted  by  the  body  into  fat.  Fat  is  stored  in  a  special 
kind  of  tissue  called  adipose  (ad'o  pos)  tissue.  A  quan¬ 
tity  of  adipose  tissue  far  in  excess  of  what  the  body  is  likely 
to  need  causes  obesity  (o  be'so  te). 

33—21  Obesity  and  diet  Obesity  is  an  unhealthy 
condition  of  the  body.  Studies  show  that  obese  people  are 
much  more  likely  to  suffer  from  heart  disease,  diabetes, 
gallbladder  disease,  and  several  other  diseases.  On  the  av¬ 
erage,  obese  people  do  not  live  as  long  as  people  with 
more  normal  weights.  Also  obese  people  have  more  prob¬ 
lems  carrying  out  physical  activities.  The  excess  weight 
makes  physical  movement  more  difficult.  The  excess  fat 
also  makes  it  difficult  for  the  body  to  cool  itself.  Therefore 
physical  activity  causes  more  sweating  and  discomfort. 
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A  proper  diet  along  with  regular 
physical  exercise  can  help  control 
weight  and  contribute  to  overall 
health. 


Obesity  occurs  when  a  greater  number  of  calories  are 
eaten  than  are  burned  by  the  body.  There  are  three  pos¬ 
sible  causes  for  such  an  imbalance.  One  is  overeating.  The 
second  is  a  lack  of  physical  exercise,  which  burns  up  calo¬ 
ries.  The  third,  which  is  thought  to  be  much  less  common, 
is  a  problem  with  hormones. 

33—22  Minerals  Many  different  minerals  are  needed 
by  the  body.  But  only  a  few  are  likely  to  be  of  concern  in 
selecting  foods  to  eat.  One  is  iron,  which  is  one  of  the  im¬ 
portant  elements  in  hemoglobin,  our  oxygen  carrier  in  the 
blood.  The  lack  of  iron  can  cause  anemia,  a  disease  that 
causes  tiredness  and  other  problems. 

Calcium  and  phosphorous  are  two  minerals  that  are  of¬ 
ten  found  together  in  food.  Calcium  is  especially  important 
for  the  proper  development  and  continued  health  of  teeth 
and  bones.  Phosphorous  is  needed  in  every  cell  of  the 
body.  It  is  found  in  ATP,  DNA,  and  RNA. 

Iodine  is  another  element  that  could  be  lacking  in  the 
diet.  It  is  needed  by  the  thyroid  gland  to  produce  one  of  its 
hormones.  Iodine  is  now  added  to  salt  and  is  called  iodized 
salt. 

33—23  Vitamins  Vitamins  are  chemicals  that  are 
not  manufactured  by  the  body  but  are  needed  in  small 
amounts  before  certain  functions  can  be  performed.  Al¬ 
most  any  diet  that  includes  meats  and  vegetables,  including 
fresh,  leafy  vegetables,  will  have  enough  of  the  vitamins 
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Table  33—2  Minerals 


Mineral 

Good  Sources 

Functions 

Effect  of  Deficiency 

Iodine 

shellfish,  saltwater 
fish,  iodized  salt 

formation  of  thyroxin, 
regulation  of  the  cells’ 
use  of  energy 

thyroid  disorders 

Magnesium 

milk,  meats,  whole- 
grain  cereals,  dried 
peas  and  beans,  nuts 

helps  build  bones,  im¬ 
portant  in  muscle  con¬ 
traction,  regulation  of 
body  temperature 

nervousness,  sensitivi¬ 
ty  to  noise,  rapid 
heartbeat,  possible 
convulsions 

Calcium 

milk  products,  green 
leafy  vegetables,  dried 
fruits 

formation  of  bones 
and  teeth,  needed  for 
blood  clotting,  needed 
for  nerve  and  muscle 
function 

poor  bone  and  tooth 
structure,  slow  blood 
clotting,  muscle 
spasms 

Phosphorus 

milk  products,  meats, 
fish,  poultry,  nuts, 
whole-wheat  cereals 

bone  and  teeth  forma¬ 
tion,  nerve  and  muscle 
function,  energy 
production 

poor  tooth  and  bone 
structure,  muscle 
spasms 

Iron 

liver,  meats,  eggs, 
nuts,  soybeans,  dried 
fruits,  green  leafy 
vegetables 

needed  by  red  blood 
cells,  involved  in 
energy  releasing 
process  in  cells 

anemia,  lack  of 
energy 

Sodium  and 

Potassium 

most  foods 

maintains  tissue  fluid 
balance,  needed  for 
nerve  functioning 

weakness,  nervous 
disorders,  cramps 

for  good  health.  However,  supplemental  vitamins  can  be 
purchased.  They  are  usually  recommended  for  babies  and 
young  children,  for  pregnant  mothers,  and  for  people  who 
have  special  dietary  problems. 


CHECK  YOUR  FACTS 

1.  What  are  the  six  categories  of  human  food  needs?  Which  is 
most  likely  to  be  deficient? 

2.  What  is  nutrition?  What  is  malnutrition? 

3.  What  happens  when  the  body  is  deficient  of  proteins? 
Why  are  diseases  more  likely  to  occur? 

4.  What  is  an  essential  amino  acid?  Where  are  they  obtained? 

5.  What  are  complete  proteins? 
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Table  33—3  Vitamins 


Vitamin 

Good  Sources 

Functions 

Effect  of  Deficiency 

A 

green  leafy  vegetables, 
yellow  vegetables  and 
fruits,  liver,  carrots, 
tomatoes,  butter 

essential  for  good 
vision  and  normal 
growth,  helps  form 
teeth  and  bones,  pro¬ 
motes  healthy  skin 

poor  vision,  night- 
blindness,  poor 
growth,  digestive  dis¬ 
orders,  kidney  prob¬ 
lems 

Folic  acid 

liver,  yeast,  green 
vegetables,  beans  and 
peas,  whole-grain 
foods 

essential  for  human 
growth  and  reproduc¬ 
tion,  formation  of  red 
blood  cells 

anemia,  stunted 
growth 

Thiamine 

Bi 

pork,  liver,  lamb,  green 
vegetables,  dried  soy¬ 
beans,  nuts,  oysters, 
brown  rice 

helps  maintain  good 
digestion,  elimination, 
memory,  helps  release 
energy, 

poor  appetite  and  di¬ 
gestion,  impaired 
nerve  function,  poor 
memory 

Riboflavin 

b2 

milk,  liver,  lean  meat, 
green  leafy  vegetables, 
eggs,  cheese 

promotes  growth,  pro¬ 
motes  healthy  skin  and 
hair,  reproduction 

stunted  growth,  skin 
and  hair  problems, 
poor  vision 

Niacin 

peanut  butter,  liver, 
tuna  fish,  salmon,  lean 
meat,  dried  peas  and 
beans,  cornmeal 

promotes  health  of 
nervous  and  circula¬ 
tory  systems,  helps  re¬ 
lease  energy 

emotional  and  nervous 
disorders,  skin  dis¬ 
orders 

Pyridoxine 

B6 

milk,  wheat  germ,  liver, 
brown  rice,  corn, 
whole  wheat  cereal 

general  maintenance 
of  health 

rash,  dizziness,  ner¬ 
vous  disorders,  mental 
confusion,  nausea 

B 12 

liver,  organ  meats, 
eggs,  milk,  shellfish 

formation  of  blood 

anemia 

C 

citrus  fruits,  tomatoes, 
strawberries,  peppers, 
potatoes,  cantaloupe 

helps  hold  cells 
and  tissues  together, 
tissue  maintenance 

poor  healing,  suscep¬ 
tibility  to  infection, 
hemorrhaging 

D 

liver,  fish-liver  oils, 
eggs 

promotes  strong  bones 
and  teeth 

weak  teeth  and  bones 

E 

wheat  germ,  oils,  milk, 
eggs,  liver,  vegetables 

uncertain,  possibly  a 
role  in  reproduction 

unknown 

K 

cereals,  meat,  green 
leafy  vegetables 

blood  clotting,  diges¬ 
tion 

hemorrhaging 
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The  digestive  system  breaks  down  food  into  the  molecular 
form  that  can  be  absorbed  into  the  bloodstream  and  used  by 
the  cells.  Three  processes  are  involved:  mechanical  digestion, 
chemical  digestion,  and  absorption.  In  the  mouth,  food  is 
chewed  and  mixed  with  saliva.  Food  enters  the  stomach 
through  the  cardia  and  exits  through  the  pylorus.  The  stom¬ 
ach,  like  the  rest  of  the  digestive  tube,  is  made  up  of  smooth 
muscle  tissue.  The  duodenum,  jejunum,  and  ileum  make  up 
the  small  intestine.  Most  chemical  digestion  and  absorption 
occur  here.  A  well-balanced  diet  should  include  adequate 
amounts  of  all  essential  minerals  and  vitamins. 


REVIEW  QUESTIONS 

1.  Describe  the  mechanical  digestion  that  occurs  in  the  di¬ 
gestive  system. 

2.  Where  does  chemical  digestion  take  place? 

3.  Where  are  digestive  juices  and  enzymes  produced? 

4.  What  structures  are  involved  in  the  digestion  of  fat? 

5.  Describe  the  process  of  absorption. 

6.  Where  are  sphincters  located? 

7 .  Describe,  in  terms  of  the  digestive  tract,  what  happens 
when  a  person  vomits.  What  is  happening  when  a  per¬ 
son  chokes?  What  should  be  done  to  help  a  person  who 
is  choking? 

8.  What  are  the  parts  of  a  tooth?  How  are  they  held  in 
place? 

9.  What  are  the  enzymes  that  digest  proteins?  Carbohy¬ 
drates?  Fats? 

10.  A  bite  of  food  is  about  to  be  swallowed.  Name  the  struc¬ 
tures  this  food  will  pass  by  before  some  of  it  is  elimi¬ 
nated  as  waste. 


ANALYSIS  AND  APPLICATION 


1.  Why  are  carbohydrates  much  better  foods  for  quick 
energy  than  fats? 

2.  What  type  of  food  would  be  hardest  to  digest  for  a  person 
whose  stomach  has  been  removed?  Why? 

3.  Canada  currently  ships  tonnes  of  grain  to  developing  na¬ 
tions  to  help  feed  starving  people.  Even  if  more  grain 
could  be  grown,  shipped,  protected  from  rodents,  and  dis¬ 
tributed  to  the  people  that  need  it  most,  why  would  the 
problem  of  malnutrition  be  far  from  solved?  What  would  it 
take  to  solve  this  problem? 
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Blood  and 


Circulation 


Blood 

34—1  Functions  of  the  blood  Every  person  has  an 
average  of  4.5  to  5  L  of  blood  in  their  body.  This  is  usually 
about  8  percent  of  a  person’s  body  weight.  Blood  performs 
six  important  functions: 

1 .  Carries  food  to  all  the  cells; 

2.  Carries  oxygen  to  all  the  cells; 

3.  Carries  wastes  away  from  the  cells,  mainly  to  the  lungs 
and  kidneys; 

4.  Helps  regulate  body  heat; 

5.  Carries  hormones  throughout  the  body; 

6.  Fights  infectious  disease  agents,  such  as  bacteria  and  vi¬ 
ruses. 

34—2  Composition  of  the  blood  There  are  two 
main  parts  of  the  blood.  The  liquid  part  is  called  plasma 
(plaz'ma).  Plasma  is  yellow-brown  in  color  and  makes  up 
about  55  percent  of  the  blood.  Plasma  contains  water  (90 
percent),  dissolved  nutrients,  wastes,  and  specific  blood 
proteins. 

The  other  45  percent  of  the  blood  is  made  up  of 
formed  elements.  These  include  red  blood  cells,  white 
blood  cells,  and  platelets. 

34—3  Red  blood  cells  The  red  blood  cells,  or 
erythrocytes  (i  rith'ro  sits),  are  circular  and  biconcave 
in  shape.  They  are  very  small  cells— smaller  than  most 
other  cells  in  plants  and  animals.  The  mature  erythrocytes 
do  not  have  a  nucleus.  Nor  do  they  have  mitochondria, 


When  blood  is  centrifuged,  the 
formed  elements  clump  together 
at  the  bottom  of  the  tube  and  the 
plasma  collects  at  the  top. 
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FIGURE  34-1 

The  three  different  types  of  leukocytes  are  illustrated  in  this  figure.  The 
much  smaller  platelets  are  also  shown. 


RNA,  centrioles,  or  a  Golgi  apparatus  in  their  cytoplasm. 
For  this  reason  they  are  sometimes  called  corpuscles  rather 
than  cells. 

The  erythrocytes  carry  oxygen  to  the  cells  of  the  body. 
The  oxygen  is  picked  up  in  the  lungs,  where  it  bonds  to 
hemoglobin  in  the  erythrocyte.  The  oxygen  forms  a  loose 
bond  with  the  iron  that  is  in  hemoglobin.  Later  the  oxygen 
breaks  away  from  the  hemoglobin  and  diffuses  into  other 
cells.  The  oxygen  is  used  during  aerobic  respiration.  This 
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is  the  process  by  which  energy  is  released  in  the  mito¬ 
chondria. 

Erythrocytes  are  produced  in  the  red  bone  marrow 
(mar'o),  which  is  in  the  core  of  bones,  such  as  the  ribs, 
sternum  (breastbone),  vertebrae,  and  pelvic  bones.  Once 
the  erythrocytes  are  in  the  circulation,  they  live  for  about 
120  days.  After  that  time  they  become  brittle.  Many  break 
up,  especially  as  they  flow  through  an  abdominal  organ 
called  the  spleen  (splen). 

34—4  White  blood  cells  The  white  blood  cells,  or 
leukocytes  (lii'ks  sits),  are  much  larger  than  the  eryth¬ 
rocytes.  They  have  a  nucleus  and  all  the  organelles  found 
in  a  normal  cell.  The  leukocytes  have  one  major  function 
and  that  is  to  protect  you  from  foreign  invaders,  such  as 
bacteria  and  viruses. 

There  are  three  basic  types  of  leukocytes.  One  type, 
called  the  granulocyte  (gran'ys  b  sit),  has  a  lobed  nu¬ 
cleus  and  large  granules  in  the  cytoplasm.  The  gran¬ 
ulocytes  make  up  from  65  to  75  percent  of  the  leukocytes. 
Most  of  the  granulocytes  are  phagocytes,  which  are  “eat¬ 
ing  cells.”  If  bacteria  enter  the  body  through  a  break  in  the 
skin,  the  granulocytes  are  attracted  to  the  injury.  There 
they  eat,  or  phagocytize,  anywhere  from  5  to  25  bacteria 
before  they  die. 

A  second  type  of  leukocyte  has  two  different  names. 
While  it  is  circulating  in  the  blood,  it  is  called  a  monocyte 


CAPILLARY 


LEUKOCYTES  MIGRATE 
TO  INJURY  SITE 


FIGURE  34-2 


Leukocytes  may  leave  the  blood  vessels  by  squeezing  through  the  walls 
of  capillaries  to  attack  bacteria  in  other  tissues. 
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A  large  macrophage  can  be  seen 
in  the  process  of  engulfing  a 
bacterium  in  this  photograph. 


SCIENCE  TERMS 
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(mon'o  sit).  However,  it  is  also  a  phagocyte,  and  many 
leave  the  bloodstream  to  eat  bacteria  in  other  tissues. 
When  outside  the  bloodstream,  it  is  called  a  macrophage 
(mak'ro  faj),  which  means  “big  eater.”  And  that  is  a  good 
name.  Macrophages  can  eat  up  to  100  bacteria  before  they 
die.  This  is  five  times,  more  than  the  granulocyte  can  eat. 
Both  the  macrophage  and  granulocyte  also  clean  up  the  tis¬ 
sues.  They  eat  dead  leukocytes,  broken  cell  fragments, 
blood  clots,  and  dead  tissue. 

The  third  type  of  leukocyte  is  called  a  lymphocyte 
(lim'fo  sit).  Lymphocytes  help  fight  disease  organisms  by 
an  entirely  different  method.  They  help  convert  some  of 
the  plasma  proteins,  or  globulins  (glob'ya  lins),  into 
antibodies.  The  antibodies  then  destroy  the  invaders. 

34—5  Platelets  The  platelets  (plat'lits)  are  very 
small  noncellular  bodies.  The  platelets  have  two  functions. 
They  plug  leaks  in  small  blood  vessels  until  the  injured  tis¬ 
sue  has  healed.  They  also  function  in  the  blood  clotting 
process. 

34—6  Blood  clotting  Anytime  there  is  an  injury, 
there  is  a  risk  that  too  much  blood  will  be  lost  and  the  vic¬ 
tim  will  die.  Fortunately  that  risk  is  small  for  most  injuries. 
The  blood  has  its  own  self-sealing  mechanism,  called  the 
blood  clotting  mechanism.  It  usually  prevents  a  dangerous 
loss  of  blood. 

At  the  site  of  an  injury,  platelets  scrape  against  the  rough 
edges  of  the  broken  tissue  and  release  a  substance  that  trig¬ 
gers  the  clotting  mechanism.  This  mechanism  converts  one 
of  the  plasma  proteins,  fibrinogen  (fi  brin'a  jen),  into 
another  protein  form.  This  new  protein,  called  fibrin 
(fi'bran),  is  insoluble  and  forms  tough  threads.  The  fibrin 
threads  form  a  criss-cross  pattern  over  the  injury,  trapping 
the  red  blood  cells  and  forming  a  clot.  Then  slowly  the  clot 
contracts,  pulling  the  edges  of  the  wound  together  and 
sealing  off  the  blood  flow. 

The  blood  clotting  mechanism  is  very  useful,  but  it  can 
also  be  very  dangerous.  If  a  clot  should  form  inside  a  blood 
vessel,  it  could  be  washed  along  until  it  plugs  up  a  small 
blood  vessel.  If  that  plugged  vessel  happens  to  be  in  the 
brain  or  heart,  serious  problems  or  death  can  result.  The 
brain  and  heart  are  tissues  that  demand  a  constant  supply 
of  oxygen.  Without  oxygen,  brain  and  heart  tissues  die 
quickly.  Such  tissue  death  can  cause  a  stroke  (brain)  or  a 
heart  attack.  Fortunately  we  have  mechanisms  in  our  body 
that  normally  prevent  the  formation  of  clots  in  our  blood¬ 
stream. 
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CHECK  YOUR  FACTS 

1.  How  much  blood  is  in  the  human  body? 

2.  What  are  the  six  functions  of  blood? 

3.  What  is  plasma?  What  does  it  contain? 

4.  What  are  the  formed  elements?  Which  is  noncellular? 

5.  Why  are  erythrocytes  sometimes  called  corpuscles,  in¬ 
stead  of  cells? 

6.  How  is  oxygen  carried  by  erythrocytes? 

7.  Where  are  red  blood  cells  produced?  How  are  they  de¬ 
stroyed? 


Heart  and  Blood  Vessels 

34—7  Structure  of  the  heart  The  human  heart  lies 
just  behind  the  sternum  (breastbone).  It  is  slanted,  with 
the  tip  on  the  left  side.  The  average  heart  is  about  13  cm 
long  and  9  cm  wide,  or  about  the  size  of  a  person’s  list.  It  is 
enclosed  in  a  saclike  membrane  called  the  pericardium 
(per  o  kar'de  am). 

The  heart  has  four  cavities,  or  chambers:  two  atria  on 
top  and  two  ventricles  below.  However,  there  is  no  con¬ 
nection  between  the  right  and  the  left  sides  of  the  heart. 
Therefore  it  is  common  to  think  of  two  separate  hearts,  the 
right  heart  and  the  left  heart. 

The  right  heart  receives  blood  from  the  body.  This  is 
blood  that  has  been  to  the  tissues  and  is  low  in  oxygen  and 
high  in  carbon  dioxide.  The  blood  enters  the  right  atrium, 
then  flows  through  the  tricuspid  (trl  kus'pid)  valve  into 
the  right  ventricle.  Then  the  ventricle  contracts,  forcing 
the  blood  out  through  an  artery  to  the  lungs.  This  puts 
pressure  on  the  tricuspid  valve  and  forces  it  shut.  The  flaps 
of  the  valve  are  prevented  from  collapsing  into  the  atrium 
by  strong  cords  that  are  attached  to  them. 

The  left  atrium  receives  blood  from  the  lungs.  This 
blood  flows  through  the  bicuspid  (bl  kus'pid)  valve 
(also  called  the  mitral  (ml'tral)  valve)  into  the  left  ven¬ 
tricle.  The  left  ventricle  contracts  and  pumps  blood  out 
through  an  artery  to  the  body.  The  bicuspid  valve  also  has 
cords  attached  to  it  that  keep  it  from  collapsing. 

34—8  Cardiac  muscle  The  walls  of  the  heart  are 
made  up  of  a  unique  type  of  muscle  tissue  called  cardiac 
(kar'de  ak)  muscle  tissue.  This  muscle  tissue  is  made  up 
of  bundles  of  fibers  that  branch  and  rebranch,  so  that  they 
are  connected  to  each  other.  This  causes  nerve  impulses  to 
spread  over  the  whole  mass  of  tissue,  causing  it  to  contract 


FIGURE  34-3 

A  cutaway  of  the  human  heart 
and  the  major  blood  vessels 
associated  with  it  is  illustrated  in 
this  figure. 


uniformly.  Cardiac  muscle  tissue  is  involuntary,  which 
means  that  it  is  not  under  our  conscious  control.  Cardiac 
muscle  has  one  unique  characteristic.  It  is  strictly  an  aero¬ 
bic  muscle.  This  means  that  it  can  only  obtain  energy  by 
aerobic  respiration. 

Other  muscle  tissues— smooth  muscle  that  moves  our  in¬ 
ternal  organs  and  skeletal  muscle  that  moves  our  body- 
can  obtain  energy  by  two  methods.  By  anaerobic  respira¬ 
tion  they  can  obtain  two  molecules  of  ATP  by  breaking  a 
glucose  molecule  into  lactic  acid.  This  is  done  without  the 
presence  of  oxygen.  However,  there  is  a  problem  because 
lactic  acid  is  a  muscle  poison.  As  it  builds  up  it  causes  the 
muscles  to  become  tired,  and  enough  lactic  acid  will  cause 
them  to  stop  working  altogether.  Eventually,  of  course,  the 
problem  is  solved  because  oxygen  reaches  the  muscles  and 
is  used  in  aerobic  respiration.  This  breaks  down  the  lactic 
acid  and  eliminates  the  tiredness.  Then  the  muscles  are 
ready  to  work  again. 
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FIGURE  34-4 


Cardiac  muscle  tissue,  found  only 
in  the  heart,  is  involuntary  and 
strictly  aerobic. 
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What  would  happen  if  cardiac  muscle  could  obtain 
energy  by  anaerobic  respiration?  After  heavy  work  the  car¬ 
diac  muscle  would  become  tired  and  could  quit  working. 
Of  course,  that  would  be  a  disaster— it  would  cause  death. 
So  it  is  good  that  cardiac  muscle  cannot  obtain  energy  by 
anaerobic  respiration. 

But  there  is  another  possible  danger.  Using  aerobic  res¬ 
piration  the  cardiac  muscle  is  completely  dependent  upon 
oxygen  always  being  present.  If  something  happens  to  cut 
off  the  oxygen  supply,  such  as  an  artery  getting  plugged 
with  a  blood  clot,  the  tissue  will  die.  This  death  occurs  im¬ 
mediately,  and  if  enough  tissue  dies,  the  heart  will  stop 
beating.  So  the  good  news  is  that  the  heart  muscle  will 
never  stop  working  because  it  is  tired.  The  bad  news  is 
that  anything  that  shuts  off  its  oxygen  supply  will  cause  it 
to  die. 

34—9  The  blood  vessels  There  are  three  kinds  of 
blood  vessels  in  the  circulatory  system:  arteries,  capillaries, 
and  veins.  At  any  given  time,  15  to  20  percent  of  the  blood 
is  in  the  arteries  and  another  5  percent  is  in  the  capillaries. 
Besides  what  little  is  in  the  heart,  the  major  portion  of  the 
blood— about  75  percent— is  in  the  veins. 

34—10  Arteries  The  arteries  have  a  definition  based 
on  their  function.  The  arteries  are  the  blood  vessels  that 
carry  blood  away  from  the  heart.  But  the  arteries  also  have 
a  unique  structure.  Their  walls  are  thick  and  are  made  up 
of  smooth  muscle,  elastic  tissue,  and  strong  connective  tis- 
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FIGURE.  34-6 

The  walls  of  capillaries  are  only 
one-cell  thick.  It  is  through  the 
capillaries  that  materials  are 
exchanged. 


FIGURE  34-7 

Blood  moves  more  slowly  in 
veins  than  in  arteries.  It  is 
prevented  from  backing  up  by 
the  presence  of  numerous  one¬ 
way  valves. 
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FIGURE  34-5  The  structure  of  an  artery  is  illustrated  above.  Arteries 
have  more  muscle  tissue  and  elastic  tissues  than  veins  do. 


sue.  The  elastic  tissue  allows  them  to  stretch  when  there  is 
a  surge  of  blood  pressure  as  the  heart  contracts.  This 
stretching  of  the  arteries  as  the  heart  contracts,  or  beats, 
can  be  felt  and  is  called  the  pulse  (puls).  After  the  main 
arteries  leave  the  heart,  they  branch  and  rebranch  into 
smaller  arteries  that  are  called  arterioles  (ar  tir'e  olz). 
Arterioles  have  thinner  walls  and  are  less  elastic  than  the 
larger  arteries. 

34—11  Capillaries  Eventually  the  arterioles  branch 
into  extremely  small  vessels  called  capillaries.  The  capil¬ 
laries  are  only  about  0.01  mm  in  diameter  and  0.5  to  1  mm 
long.  The  wall  of  the  capillary  is  very  thin  and  made  up  of 
flat  cells  that  are  rolled  into  a  tube  shape.  Blood  plasma 
leaks  from  the  capillaries  through  pores  between  the  cells 
in  the  capillary  wall.  Some  substances  diffuse  directly 
through  the  cells  in  the  capillary  wall.  The  plasma  then  be¬ 
comes  tissue  fluid,  which  bathes  the  cells  of  all  the  tissues, 
provides  them  with  food,  and  carries  their  wastes. 

34—12  Veins  Blood  flows  from  the  capillaries  to 
small  veins  called  venules  (ven'yulz).  The  venules  come 
together  and  eventually  form  veins,  which  are  defined  as 
vessels  that  carry  blood  toward  the  heart.  The  veins  have 
much  thinner  walls  than  arteries.  Veins  have  much  less 
muscle  and  elastic  tissue.  The  pressure  that  forces  blood 
through  the  arteries  does  not  continue  on  through  the  ca¬ 
pillaries  and  into  the  veins.  Therefore  they  do  not  have  to 
be  as  strong  as  the  arteries.  Blood  moves  slowly  and  more 
evenly  in  the  veins  than  in  the  arteries.  It  is  moved,  most 
of  the  time  against  gravity,  by  the  squeezing  action  of 
muscles.  Assisting  with  this  movement  are  the  many  one¬ 
way  valves  that  are  in  the  veins. 
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FIGURE  34-8 


Although  the  pulse  is  normally 
taken  at  the  wrist,  there  are  many 
other  locations  on  the  body 
where  the  pulse  can  be  detected. 


CHECK  YOUR  FACTS 


1.  What  is  the  pericardium? 

2.  Where  in  the  heart  are  there  openings  between  chambers? 

3.  What  structures  are  found  at  the  openings  mentioned 
above? 

4.  Describe  cardiac  muscle  tissue. 

5.  Where  is  most  of  the  blood  in  the  body? 

6.  Describe  arteries  and  arterioles.  What  is  their  function? 


Circulatory  Patterns 

34—13  The  systemic  circulation  There  are  two 
main  circulatory  patterns  for  blood  in  the  body.  One  is  the 
systemic  (sis  tem'ik)  circulation,  which  carries  blood 
from  the  heart  to  all  parts  of  the  body  and  back  to  the 
heart. 

We  can  begin  a  description  of  the  systemic  circulation  in 
the  left  heart.  Bright  red  blood,  rich  in  oxygen,  arrives  in 
the  left  atrium  from  the  lungs.  Such  blood  is  often  called 
arterial  (ar  tir'e  al)  blood.  When  the  left  atrium  is  full, 
the  walls  contract  in  a  process  called  systole  (sis'O  le). 
Systole  forces  open  the  bicuspid  valve  betw  een  the  left 
atrium  and  the  left  ventricle,  and  blood  fills  the  ventricle. 
Then  the  atrium  relaxes  and  expands  back  to  normal  size,  a 
process  called  diastole  (dl  as'ts  le).  (Think  of  squeezing 
a  small  hollow  rubber  ball  that  has  a  hole  in  it.  When  you 
release  the  ball,  air  rushes  in  and  fills  it,  causing  it  to  take 
its  original  shape.  That  is  a  process  like  diastole.)  The  pres¬ 
sure  of  the  blood  slams  the  bicuspid  valve  shut,  which  is  a 
noisy  event  like  a  door  slamming.  At  the  same  time  the 
blood  forces  open  the  valve  between  the  left  ventricle  and 
the  largest  artery  in  the  body,  the  aorta  (a  or'ts).  The 
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valve  between  the  left  ventricle  and  the  aorta  is  called  a 
semilunar  (sem  e  lii'nar)  valve.  Then  diastole  occurs  in 
the  left  ventricle,  and  backward  pressure  in  the  aorta  slams 
the  semilunar  valve  shut. 

34—14  The  heart  sounds  This  is  a  good  time  in  the 
discussion  to  explain  the  heart  sounds.  By  listening  to  the 
chest  region  with  an  instrument  called  a  stethoscope 
(steth'a  skop),  one  can  hear  a  series  of  heart  sounds.  They 
are  often  described  as:  lub-dub,  lub-dub,  lub-dub.  These 
sounds  are  caused  mainly  by  the  valves  slamming  shut. 
The  first  sound,  “lub,”  occurs  when  the  ventricles  con¬ 
tract  and  slam  the  bicuspid  and  tricuspid  (right  heart) 


FIGURE  34-9  The  path  of  blood  around  the  body  is  illustrated,  in  a 
general  way,  in  the  figure  below. 
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The  sounds  made  by  the  heart 
can  be  detected  with  a 
stethoscope.  These  sounds  can 
aid  a  doctor  in  diagnosing 
possible  disorders. 


valves  shut.  The  second  sound,  “dub,”  occurs  during  dia¬ 
stole  of  the  ventricles  when  back  pressure  slams  the  semi¬ 
lunar  valves  shut. 

34—1 5  The  systemic  pathway  The  first  segment  of 
the  aorta  rises  above  the  heart.  The  first  arteries  to  branch 
off  the  aorta  are  the  two  coronary  arteries.  These  carry 
arterial  blood  to  all  parts  of  the  heart. 

A  short  distance  above  the  heart  the  aorta  forms  an  arch 
and  then  descends  down  the  back  of  the  abdomen,  run¬ 
ning  near  the  spine.  At  the  arch,  three  large  arteries  branch 
off  and  take  blood  to  the  arms  and  head.  Farther  down  the 
aorta  other  arteries  branch  off  to  the  lungs,  digestive  or¬ 
gans,  and  kidneys.  Near  the  bottom  of  the  abdomen  the 
aorta  splits,  with  one  branch  going  down  the  inside  of 
each  leg. 

The  arteries  branch  and  rebranch  into  arterioles,  then 
into  capillaries.  The  blood  then  flows  into  venules,  then 
veins,  and  finally  into  two  main  veins  that  carry  the  ve¬ 
nous  (ve'nos)  blood  back  to  the  heart.  The  main  vein 
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FIGURE  34-10 

The  coronary  arteries,  which  branch  from  the  aorta,  supply  blood  to  the 
heart  muscle. 

carrying  blood  from  areas  above  the  heart  is  the  superior 
vena  cava  (ve'na  ka'va).  The  vein  carrying  blood  from 
the  chest  and  lower  body  is  the  inferior  vena  cava. 
Both  of  these  veins  empty  into  the  right  atrium  through 
separate  openings. 

34—16  The  pulmonary  circulation  The  right 
atrium  fills  with  venous  blood  during  this  chamber’s  dia¬ 
stole.  In  systole  the  venous  blood  is  forced  through  the  tri¬ 
cuspid  valve  into  the  right  ventricle.  Next,  systole  in  the 
right  ventricle  slams  the  tricuspid  valve  closed.  The  venous 
blood  is  forced  through  a  semilunar  valve  into  the  pulmo¬ 
nary  (pubma  ner  e)  artery,  which  splits  and  carries 
blood  to  each  lung. 

In  the  lung  the  arteries  branch  into  arterioles,  then  into 
capillaries  where  gas  exchange  occurs.  The  blood,  now 
rich  in  oxygen,  collects  into  venules  and  finally  into  two 
pulmonary  veins  from  each  lung.  All  four  pulmonary 
veins  empty  into  the  left  atrium.  This  completes  the  pul¬ 
monary  circulation.  When  the  left  atrium  fills  and  con¬ 
tracts,  the  blood  starts  on  the  systemic  route  again. 
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34—17  Shifts  in  the  blood  circulation  Your 
body  does  not  contain  enough  blood  to  support  all  pos¬ 
sible  body  needs  at  the  same  time.  For  example,  after  eat¬ 
ing  a  large  meal,  a  large  supply  of  blood  is  needed  to  serve 
the  digestive  organs.  Much  of  the  blood  from  arm  and  leg 
muscles  is  shifted  to  the  digestive  organs.  However,  should 
an  individual  start  exercising,  the  majority  of  the  blood 
would  be  shifted  back  to  the  leg  and  arm  muscles.  In  this 
case  there  would  not  be  enough  blood  for  the  digestive  or¬ 
gans  to  function  properly.  The  body  would  probably  re¬ 
spond  with  pains  of  indigestion. 

What  causes  the  blood  to  shift  from  one  part  of  the  body 
to  another?  The  arterioles  are  mainly  responsible.  The  arte¬ 
rioles  have  muscular  sphincters  that  can  constrict  (get 
smaller)  or  dilate  (get  larger).  The  constriction  or  dilation 
is  caused  by  chemicals  in  the  blood,  or  by  nerve  impulses. 

The  skin  experiences  the  greatest  variations  in  blood 
flow.  Below  the  skin  there  are  many  small  blood  vessels, 
including  a  thick  network  of  small  veins.  By  constricting 
and  dilating,  these  vessels  control  loss  of  body  heat. 

For  example,  during  exercise,  when  a  large  amount  of 
heat  is  produced  in  the  body,  the  skin  vessels  dilate.  A 
greater  volume  of  blood  then  flows  near  the  skin  where 
the  heat  can  be  lost.  At  the  same  time,  our  skin  is  redder  in 
color.  The  opposite  occurs  when  we  need  to  conserve  the 
heat  in  our  body.  The  vessels  in  the  skin  constrict.  This 
keeps  the  blood  away  from  the  skin.  Our  skin  looks  whiter 
and  may  even  take  on  a  blue  cast  when  the  vessels  are 
most  constricted. 

Emotions  can  also  affect  the  vessels  of  the  skin.  Some 
persons  turn  “red  with  embarrassment”  and  “white  with 
fear  or  anger”  because  of  dilation  or  constriction  of  skin 
vessels. 

34— IS  Disorders  of  blood  circulation  There 
are  many  disorders  that  can  affect  the  circulation  of  blood 
and  our  health.  We  shall  discuss  three  that  are  very  com¬ 
mon. 

One  ty  pe  of  disorder  is  called  arteriosclerosis  (ar  tir 
e  6  skla  ro'sis),  which  means  “hardening  of  the  arteries.” 
Arteriosclerosis  occurs  as  calcium  deposits  build  up  in  the 
walls  of  the  arteries,  causing  the  arteries  to  lose  their  elas¬ 
ticity.  Arteries  need  to  be  elastic  to  relieve  some  of  the 
pressure  of  the  blood  being  forced  from  the  heart  during 
systole.  When  the  arteries  lose  their  elasticity,  the  heart 
must  work  harder  to  force  the  blood  through  the  body.  As 
the  pressure  of  the  blood  increases  there  is  the  danger  that 
a  small  artery  will  rupture.  If  this  occurs  in  the  brain,  the 
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Fatty  material  deposited  in  the 
walls  has  narrowed  the 
passageway  of  this  artery.  This 
increases  the  possibility  of  clot 
formation. 


result  is  a  stroke  that  can  cause  paralysis  or  death.  Arte¬ 
riosclerosis  is  a  typical  disorder  of  aging,  but  its  severity 
varies  in  different  persons. 

A  second  circulatory  disorder  is  called  athe¬ 
rosclerosis  (ath  sr  6  skis  ro'sis).  This  is  a  common  prob¬ 
lem  in  North  America.  It  is  a  condition  caused  by  a  buildup 
of  fatty  material  inside  the  arteries.  The  buildup  narrows 
the  opening  inside  the  arteries,  causing  an  increase  in 
blood  pressure.  In  turn,  an  increase  in  blood  pressure  can 
result  in  ruptured  arteries  and  a  stroke.  The  fatty  buildup 
also  creates  a  rough  inside  wall.  Blood  flowing  against  the 
rough  surface  will  sometimes  form  clots.  If  a  clot  plugs  up 
a  small  artery  in  the  brain,  a  person  can  suffer  a  stroke.  If  a 
clot  plugs  up  a  branch  of  a  coronary  artery,  which  serves 
the  heart,  the  person  can  suffer  a  coronary  (kor'a  ner  e) 
heart  attack,  or  “coronary.” 

A  third  type  of  disorder  occurs  when  there  is  a  weak 
spot  in  a  main  artery,  such  as  the  aorta.  At  the  weak  spot 
the  artery  balloons  out,  causing  an  aneurysm  (an'ya  riz 
am),  or  swelling.  If  these  are  discovered,  surgeons  can 
often  cut  them  out  and  patch  the  artery  with  an  artificial 
tube.  But  any  aneurysm  that  is  not  discovered  is  extremely 
dangerous.  It  can  rupture  and  cause  instant  death  by  inter¬ 
nal  bleeding. 

34—19  The  lymphatic  circulation  When  plasma 
leaves  the  capillaries  and  bathes  the  cells,  it  may  return  to 
the  systemic  circulation.  However,  some  of  this  fluid  re¬ 
mains  in  the  tissues  and  is  returned  to  the  blood  by  another 
route,  called  the  lymphatic  (lim  fat'ik)  circulation. 
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FIGURE  34-1  1 

The  locations  of  the  lymph  nodes 
are  illustrated  at  left. 


Besides  blood  capillaries,  most  tissues  also  have  lymph 
(limf)  capillaries.  The  lymph  capillaries  are  more  per¬ 
meable  than  blood  capillaries.  Fluids  from  the  tissues— in¬ 
cluding  blood  proteins  that  have  escaped,  foreign  par¬ 
ticles,  and  bacteria— can  enter  the  lymph  capillaries.  Once 
inside  the  lymph  capillary,  the  fluid  is  called  lymph.  You 
have  seen  fluid  like  lymph— it  is  the  clear  liquid  in  a  blister. 

The  lymph  capillaries  come  together  and  form  larger 
lymph  vessels.  The  lymph  vessels  are  much  like  veins. 
They  have  valves,  and  the  lymph  is  pushed  forward  by  the 
squeezing  action  of  muscles.  Eventually  the  lymph  enters 
two  main  lymph  vessels,  which  empty  into  large  veins 
near  the  heart.  Fats  absorbed  in  the  small  intestine  also  en¬ 
ter  the  lymph  vessels  and  with  the  lymph  enter  the  blood. 
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The  structure  of  the  heart  in 
representatives  of  the  five  classes 
of  vertebrates— fish,  amphibian, 
reptile,  bird,  and  mammal— is 
shown. 


In  many  parts  of  the  body  there  are  enlargements  in  the 
lymph  vessels.  These  are  specialized  structures  called 
lymph  nodes  (nodz).  The  lymph  nodes  have  four  func¬ 
tions.  (1)  They  filter  out  of  the  lymph  any  foreign  particles 
that  were  picked  up  from  the  tissues.  (2)  They  produce 
lymphocytes,  which  are  leukocytes  that  help  combat  in¬ 
fections.  (3)  They  contain  macrophages  that  kill  bacteria. 
(4)  They  produce  antibodies  to  fight  infections. 

When  there  is  a  serious  infection  in  the  body,  many 
macrophages  migrate  to  the  lymph  nodes.  After  a  period  of 
time  this  can  cause  the  lymph  nodes  to  swell.  During  such 
an  infection,  swollen  lymph  nodes  in  the  neck,  groin,  and 
underarm  area  can  often  be  felt. 


CHECK  YOUR  FACTS 


1.  What  is  arterial  blood?  How  does  it  get  into  the  left  ven¬ 
tricle? 

2.  What  is  diastole?  What  occurs  just  before  and  after  diastole 
of  the  left  atrium? 

3.  When  systole  occurs  in  the  left  ventricle,  what  two  struc¬ 
tures  are  moved? 

4.  How  and  when  does  the  semilunar  valve  shut? 

5.  What  causes  the  sound  of  a  beating  heart? 

SUMMARY 

Adult  humans  have  about  5  L  of  blood  in  their  body.  It  carries 
food,  oxygen,  wastes,  and  hormones.  It  helps  regulate  body 
heat  and  defends  the  body  against  infectious  disease  agents. 
Blood  is  about  half  plasma  and  half  formed  elements.  The 
formed  elements  include  the  erythrocytes,  the  leukocytes, 
and  noncellular  platelets.  The  heart  has  four  chambers  and  is 
surrounded  by  the  pericardium.  Arteries  are  designed  to  carry 
large  surges  of  blood  from  the  heart.  They  have  thick  and 
elastic  walls.  Capillaries  are  the  vessels  that  supply  the  cells. 
Most  blood  is  contained  in  veins. 


REVIEW  QUESTIONS 

1.  What  is  the  function  of  blood? 

2.  Describe  what  blood  is  made  of. 

3.  Describe  the  functions  of  the  three  basic  types  of 
leukocytes. 

4.  Explain  why  atherosclerosis  increases  the  chance  of  hav¬ 
ing  a  clot  form  in  the  bloodstream. 

5.  What  are  the  four  chambers  of  the  heart?  What  vessels 
either  enter  or  exit  the  chambers? 

6.  Describe  how  blood  passes  through  the  heart  from  the 
vena  cava  to  the  pulmonary  artery. 

7.  Why  is  cardiac  muscle  tissue  the  ideal  tissue  to  make  up 
the  heart? 

8.  Describe  the  systemic  pathway. 

9.  What  vessels  carry  oxygen-rich  blood? 

10.  What  are  six  functions  served  by  the  lymphatic  system 
and  its  structures? 

ANALYSIS  AND  APPLICATION 

1.  Why  are  injured  arteries  more  serious  than  injured  veins? 
Explain. 

2.  Which  blood  vessels  can  you  observe  on  the  inner  surface 
of  your  elbow  and  forearm? 
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and  Excretion 


Respiration 

35—1  A  term  with  dual  meanings  Respiration  is 
a  term  that  may  be  used  to  describe  two  different  biologi¬ 
cal  processes.  One  process  occurs  in  cells  and  is  sometimes 
called  cellular  respiration.  This  is  the  process  that  breaks 
down  sugars,  amino  acids,  or  fatty  acids  and  produces  ATP 
for  energy. 

The  second  process  is  the  exchange  of  gases  between  an 
organism  and  its  environment.  In  the  human,  respiration 
brings  oxygen  from  the  air  to  the  capillaries  in  the  lungs, 
and  carbon  dioxide  from  the  lung  capillaries  into  the  air.  It 
is  this  gas  exchange  process  that  will  be  discussed  in  this 
chapter. 

35—2  The  respiratory  system  The  respiratory  sys¬ 
tem  includes  the  nose,  pharynx,  trachea  (windpipe),  and 
lungs.  The  term  nose  actually  refers  to  the  external  struc¬ 
ture  on  our  face.  But  the  real  working  part  of  the  nose  is 
the  interior  region,  which  is  made  of  three  separate  nasal 
(na'zal)  cavities.  The  nasal  cavities  are  lined  with  a 
mucous  membrane,  which  is  made  up  of  ciliated  cells 
that  produce  mucus.  The  mucus  helps  filter  particles  such 
as  dust  and  bacteria  out  of  the  air.  The  cilia  beat  toward  the 
pharynx  and  act  like  a  broom.  They  sweep  mucus  and 
trapped  particles  into  the  pharynx  where  they  are  swal¬ 
lowed.  The  nasal  cavities  warm  and  moisten  the  air  that 
passes  through  them. 

The  nasal  cavities  have  ducts  that  connect  with  other  re¬ 
gions  of  the  head.  Two  of  the  ducts  connect  with  the  eye 
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FIGURE  35- 1  The  relationship  of  the  nasal  cavity  to  the  sinuses  of  the 
head  is  shown  in  this  illustration. 


cavities.  They  drain  excess  tears  from  the  eyes  into  the  na¬ 
sal  cavities.  That  is  why  crying  or  irritation  of  the  eyes 
causes  excess  nasal  drainage.  Also  connected  to  the  nasal 
cavities  are  ducts  from  the  sinuses  (sl'nas  ez),  which  are 
air  spaces  in  the  facial  bones.  The  sinuses  have  two  func¬ 
tions.  They  make  the  skull  bones  lighter,  and  they  help 
give  your  voice  its  proper  sound.  (Hold  your  nose  and  talk. 
You  will  see  how  your  voice  sounds  when  air  does  not 
move  through  any  part  of  the  nasal  system.)  Sometimes  the 
sinuses  become  infected  and  excess  mucus  is  produced. 
This  mucus  drains  through  the  sinus  ducts  into  the  nasal 
cavities. 

Air  moves  from  the  nasal  cavities  into  the  pharynx,  a 
funnel-shaped  cavity.  It  is  the  common  pathway  for  both 
food  and  air.  After  air  passes  through  the  pharynx,  it  enters 
the  trachea,  which  can  be  felt  just  below  the  larynx,  or 
Adam’s  apple.  The  trachea  is  a  hollow  tube  that  is  kept 
from  collapsing  by  rings  of  cartilage.  The  trachea  is  the 
passageway  that  leads  to  the  lungs. 


35—3  The  lungs  The  two  lungs  fill  most  of  the  cavity 
in  the  chest,  or  thorax  (thor'aks).  Air  enters  the  lungs 
through  two  bronchial  tubes  called  bronchi  (brong'kl), 
which  divide  from  the  end  of  the  trachea.  The  bronchi 
soon  branch  and  rebranch  into  smaller  tubes  called  bron¬ 
chioles  (brong'ke  olz).  The  bronchioles  finally  reach  a 
dead  end  in  small  sacs  called  alveoli  (al  ve's  li)  (sing,  al¬ 
veolus ).  It  is  estimated  that  there  are  about  300  million  al¬ 
veoli  in  a  normal  person’s  lungs. 

The  alveoli  are  made  up  of  flat  cells  and  elastic  con¬ 
nective  tissue.  Covering  the  outside  of  the  alveoli  is  a  net¬ 
work  of  capillaries  from  the  pulmonary  circulation.  Eryth¬ 
rocytes  in  the  pulmonary  circulation  pass  through  the 
capillaries  single  file,  and  the  gas  exchanges  occur  across 
the  two  layers  of  cells  (one  layer  in  the  wall  of  the  alveolus 
and  the  other  in  the  wall  of  the  capillary).  It  is  estimated 
that  all  the  blood  in  the  body  passes  through  the  alveolar 
capillaries  in  just  1  min  when  the  body  is  resting.  During 
exercise  all  the  blood  may  flow  through  them  in  just  10  to 
15  s. 

The  lungs  are  surrounded  by  a  double  membrane  called 
the  pleura  (pliir'o).  sometimes  the  region  between  the 


FIGURE  35-2  The  major  structures  of  the  respiratory  system  in  humans 
are  identified  in  the  figure  below. 
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Red  blood  cells  passing  through 
the  capillaries  on  the  alveolar 
walls  pick  up  oxygen  and  release 
carbon  dioxide  to  the  alveoli. 
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two  membranes  becomes  irritated,  causing  a  painful  con¬ 
dition  called  pleurisy. 

35—4  The  mechanics  of  respiration  Respiration 

involves  two  processes.  One  is  inspiration  (in  spa 
ra'shon),  where  air  is  taken  into  the  lungs.  The  other  is  ex¬ 
piration  (eks  pa  ra'shsn),  where  air  is  forced  out  of  the 
lungs. 

Assisting  with  inspiration  and  expiration  are  certain 
muscles  in  the  thorax  and  elastic  tissue  in  the  lungs.  The 
main  muscle  is  the  diaphragm  (dl'a  fram),  which  lies 
below  the  lungs.  During  inspiration  the  diaphragm  con- 
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tracts  into  the  abdomen,  creating  decreased  air  pressure  in 
the  thorax.  This  causes  air  to  rush  into  the  lungs.  During 
expiration  the  diaphragm  relaxes,  and  this  helps  force  the 
air  out  of  the  lungs.  Helping  the  diaphragm  in  movements 
of  the  thorax  are  the  muscles  between  the  ribs.  They  make 
the  chest  cavity  larger  during  inspiration  and  smaller  dur¬ 
ing  expiration.  The  elastic  tissue  in  the  lungs  also  helps 
during  expiration  by  compressing  the  lungs.  When  a  per¬ 
son  is  resting,  the  elasticity  does  most  of  the  work  of  expi¬ 
ration.  The  muscles  are  used  mainly  during  the  heavy 
breathing  of  exercise. 

35—5  Disorders  of  respiration  There  are  several 
common  disorders  of  the  respiratory  system.  One  is 
asthma  (az'mo),  which  is  an  allergic  reaction  of  the  bron¬ 
chioles  to  something  that  is  in  the  air.  This  can  be  caused 
by  such  things  as  plant  pollen,  dandruff  from  cats,  and 
many  different  chemicals  that  may  be  polluting  the  air.  The 
bronchioles  react  by  increasing  their  secretions  of  mucus 
and  by  contracting  the  smooth  muscle  in  their  walls.  This 
decreases  the  diameter  of  the  bronchioles  and  makes  respi¬ 
ration  difficult. 
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Some  disorders  of  the  lungs  can 
be  detected  with  the  aid  of  a 
chest  X  ray. 
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A  second  type  of  disorder  is  emphysema  (em  fa 
se'ma).  This  is  a  serious  disease  that  is  increasing  rapidly 
for  two  reasons.  It  is  a  disease  of  aging,  and  the  average  age 
of  our  population  is  increasing.  It  is  also  caused  by  smok¬ 
ing,  and  the  number  of  smokers  has  greatly  increased  in 
the  past  50  years.  Emphysema  affects  the  lungs  in  two 
ways.  First,  many  of  the  small  bronchioles  leading  to  the  al¬ 
veoli  become  plugged.  Second,  the  alveoli  at  the  ends  of 
these  bronchioles  break  down  and  simply  disappear.  The 
disease  is  progressive,  which  means  that  it  can  keep  getting 
worse  until  the  patient  cannot  get  enough  oxygen  to  stay 
alive.  Practically  every  hospital  is  experiencing  an  increase 
in  the  number  of  severe  emphysema  patients  who  can  only 
breathe  with  artificial  respirators. 

Colds  and  pneumonia  are  infectious  diseases  of  the  res¬ 
piratory  system.  Colds  are  caused  by  viruses  that  infect  the 
mucous  membrane  of  the  nasal  cavities.  There  is  no 
known  cure  for  colds,  except  the  body’s  own  antibodies, 
which  kill  the  viruses  within  a  few  days.  Pneumonia  may 
be  caused  by  bacteria  or  viruses  that  infect  the  lungs.  Ei¬ 
ther  type  of  infection  causes  excess  fluid  to  build  up  in  the 
bronchioles  and  alveoli.  This  fluid  prevents  air  from  reach¬ 
ing  the  walls  of  the  alveoli  and  thus  prevents  gas  exchange. 
Pneumonia  used  to  be  a  common  killer  of  many  people. 
Antibiotics  and  other  medicines  can  now  cure  most  forms 
of  pneumonia. 


CHECK  YOUR  FACTS 

1.  What  two  processes  have  the  name  respiration? 

2.  Are  the  nasal  and  eye  cavities  connected?  Explain. 

3.  What  are  the  functions  of  the  sinuses? 

4.  What  is  the  pleura? 

5.  How  does  pneumonia  affect  the  lungs? 


Excretion 

35—6  Homeostasis  and  excretion  Many  different 
tissues  and  organs  work  to  keep  the  internal  environment 
of  the  body  balanced.  A  stable  condition  in  the  internal  en¬ 
vironment  of  the  body  is  called  homeostasis  (ho  me  3 
sta  sis).  Any  process  that  works  to  keep  the  internal  envi¬ 
ronment  stable  or  constant  is  called  a  homeostatic  (ho 
me  3  stat'ik)  mechanism.  We  discussed  one  homeostatic 
mechanism  in  the  last  chapter.  We  discussed  how  shifts  in 
the  blood  flow  through  the  skin  can  either  cool  the  body 
or  preserve  its  heat.  The  body  should  remain  at  a  constant 
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FIGURE  35-4  Numerous  body  processes  operate  to  produce  a 
condition  of  dynamic  homeostasis. 


temperature  of  about  37 °C.  A  homeostatic  mechanism  that 
shifts  the  blood  to  and  from  the  skin  helps  maintain  that 
constant  temperature. 

Excretion  (ek  skre'shsn)  is  another  type  of  homeo¬ 
static  mechanism.  Excretion  is  a  process  of  eliminating  ma¬ 
terials  from  the  body  that  could  upset  its  homeostasis.  For 
example,  the  respiratory  functions  that  eliminate,  or  ex¬ 
crete,  carbon  dioxide  from  the  body  is  a  homeostatic 
mechanism. 

The  blood  has  the  most  important  role  in  maintaining 
the  homeostasis  of  the  body.  It  provides  a  uniform  environ¬ 
ment  for  tissues  from  our  fingers  to  our  toes.  But  the  blood 
itself  is  always  changing.  It  takes  in  oxygen.  It  picks  up  car¬ 
bon  dioxide  and  digested  food  molecules.  Most  important 
are  the  other  products  that  the  blood  picks  up  as  it  travels 
around  the  body.  Some  of  these  are  by-products  of  me¬ 
tabolism,  which  is  the  total  of  all  the  different  chemical  re¬ 
actions  that  go  on  in  the  body.  These  by-products  include 
urea  (yu  re's),  a  nitrogen  by-product  of  protein  metab- 
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olism.  Also,  at  any  given  time  the  blood  may  have  a  surplus 
of  certain  useful  chemicals,  such  as  glucose,  or  certain 
vitamins. 

Both  the  waste  products  and  surplus  chemicals  have  to 
be  excreted  from  the  blood  so  that  it  can  function  prop¬ 
erly.  The  kidneys  are  responsible  for  the  homeostatic 
mechanisms  in  the  body  that  would  rid  the  blood  of  such 
materials. 

35—7  The  kidneys  The  human  has  two  kidneys, 
which  are  bean-shaped  organs  that  lie  at  the  back  of  the 
abdomen  on  each  side  of  the  spine.  Their  main  function  is 
to  remove  wastes  from  the  blood. 

Each  kidney  is  made  up  of  more  than  one  million  basic 
units  called  nephrons  (nef  rons).  It  is  the  nephron  that 
does  all  the  work  of  the  kidney.  If  one  understands  how 
the  nephron  works,  one  will  understand  the  workings  of 
the  whole  kidney. 

FIGURE  35-5 

The  organs  of  the  excretory  system  and  the  associated  blood  vessels  are 
shown  in  this  illustration. 
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FIGURE  35-6 

Blood  enters  the  kidney  through  a  renal  artery,  travels  through  a  network 
of  capillaries,  and  exits  through  a  renal  vein. 


35—8  The  nephron  The  nephron  is  a  long  tube  with 
a  vaselike  cup  at  one  end.  The  cup  part  of  the  nephron  is 
called  Bowman’s  (bo'manz)  capsule.  In  Bowman’s 
capsule  there  is  a  tuff  of  capillaries  that  is  shaped  like  a  ball 
and  is  called  the  glomerulus  (gla  mer'u  bs).  The  glo¬ 
merulus  is  linked  with  a  network  of  capillaries  that  sur¬ 
rounds  the  tube  part  of  the  nephron. 

Blood  enters  the  kidney  from  the  aorta  through  the  re¬ 
nal  (re'nol)  artery.  Then,  just  within  a  short  distance, 
the  renal  artery  branches  and  rebranches  into  the  capil¬ 
laries  of  each  glomerulus.  This  is  a  sudden  slowdown  for 
the  blood,  and  the  pressure  is  greater  in  the  glomerulus 
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than  in  the  other  capillaries  of  the  body.  This  pressure 
forces  much  of  the  plasma  out  of  the  blood,  into  Bowman’s 
capsule,  and  then  into  the  long  tubule  of  the  nephron. 
Only  the  formed  elements,  large  proteins,  and  some 
plasma  remain  in  the  blood  that  flows  out  of  the  glo¬ 
merulus. 

About  180  L  of  plasma  are  forced  out  of  the  blood  and 
into  the  nephrons  each  day.  But  only  about  1  to  1.5  L  of 
liquid  actually  come  out  the  ends  of  the  tubules.  What  hap¬ 
pens  to  the  other  178  to  179  L  that  enter  the  nephrons?  This 
liquid  is  reabsorbed  by  the  cells  in  the  walls  of  the  neph¬ 
rons  and  is  passed  on  to  the  capillaries  that  surround  them. 

The  nephron  works  as  a  selective  filtering  device.  Al¬ 
most  all  the  blood  plasma  is  forced  into  the  nephrons. 
Then  the  parts  of  the  plasma  that  are  needed  by  the  body 
are  reabsorbed  into  the  blood.  Urea  and  other  unneeded 


FIGURE  35-7 

Plasma  along  with  impurities  is  forced  into  the  nephron,  but  only  the 
plasma  is  reabsorbed.  The  impurities  are  collected  as  wastes. 
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In  the  event  of  kidney  failure,  the  blood  can  be  cleansed  with  an  artificial 
kidney  machine.  The  process  is  called  hemodialysis. 


chemicals  are  not  reabsorbed.  These  chemicals,  along  with 
enough  water  to  keep  them  dissolved,  trickle  out  the  ends 
of  the  nephrons.  This  fluid,  now  called  urine  (yur'an),  is 
collected  in  the  hollow  region  of  the  kidney. 

35—9  The  urinary  bladder  Urine  leaves  the  kid¬ 
neys  by  tubes  called  ureters  (yu  re'tsrs).  The  ureters 
travel  downward  and  empty  into  a  muscular,  saclike  organ 
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FIGURE  35-8  Following  its  formation  in  the  kidneys,  urine  flows 
through  the  ureters  to  the  urinary  bladder  where  it  may  be  stored  for  a 
time.  It  is  eliminated  from  the  body  through  the  urethra. 


called  the  urinary  (yur's  ner  e)  bladder,  or  more  sim¬ 
ply,  bladder.  The  bladder  is  a  storage  container  for  the 
urine.  At  the  bottom  of  the  bladder  there  are  sphincters 
that  close  it  off  from  the  urethra  (yu  re'thra).  The 
urethra  is  the  tube  leading  from  the  urinary  bladder  to  an 
external  opening  of  the  body.  From  time  to  time,  as  the 
bladder  fills  and  stretches,  it  is  necessary  to  urinate 
(yur'a  nat).  That  is  the  process  where  urine  is  eliminated 
through  the  urethra. 
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CHECK  YOUR  FACTS 


1.  What  are  some  of  the  wastes  and  surplus  chemicals  car¬ 
ried  by  the  blood? 

2.  Where  are  the  kidneys  located?  What  artery  supplies 
them? 

3.  What  are  the  functional  subunits  of  the  kidney? 

4.  What  leaves  the  ends  of  the  nephrons  and  collects  in  the 
kidneys? 

5.  What  are  ureters?  What  is  the  urethra? 


SUMMARY 

The  respiratory  system  in  humans  exchanges  oxygen  and  car¬ 
bon  dioxide  in  the  lungs.  Air  travels  through  the  trachea  and 
enters  the  lungs  through  bronchi,  which  branch  into  bron¬ 
chioles.  The  site  of  gas  exchange  is  the  cluster  of  alveoli  in  the 
sacs  at  the  ends  of  the  bronchioles.  Inspiration  and  expiration 
are  caused  primarily  by  the  diaphragm  and  the  elastic  tissue  of 
the  lungs.  Excretion  is  a  homeostatic  mechanism  because  it 
eliminates  wastes  that  could  upset  the  stability  of  the  body. 
The  kidneys,  more  specifically  the  nephrons,  filter  the  blood. 


REVIEW  QUESTIONS 

1 .  Is  the  respiratory  system  a  homeostatic  mechanism?  Why? 

2.  To  what  three  structures  are  the  nasal  cavities  con¬ 
nected?  How  many  nasal  cavities  are  there? 

3.  What  causes  expiration? 

4.  Describe  the  structure  of  the  lungs. 

5.  How  do  asthma,  emphysema,  and  pneumonia  affect  the 
lungs? 

6.  What  are  some  homeostatic  mechanisms? 

7.  How  does  blood  help  maintain  the  homeostasis  of  the 
body? 

8.  Trace  the  path  of  red  blood  cells  through  the  kidneys. 

9.  What  happens  to  plasma  in  the  glomerulus?  In  the 
nephron? 

10.  About  180  L  of  plasma  are  forced  out  of  the  blood  and 
into  the  nephrons  each  day.  How  many  liters  are  usually 
returned  to  the  blood? 


ANALYSIS  AND  APPLICATION 

1.  What  happens  when  a  person  cries?  What  other  things 
cause  an  excess  of  tears? 

2.  Doctors  are  seeing  more  and  more  elderly  women  with 
emphysema.  What  is  one  possible  explanation? 
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36  The 

Endocrine 


36—1  The  nature  of  the  system  The  endocrine 
system  is  made  up  of  glands  and  specialized  groups  of  cells 
that  produce  hormones  (hor'monz)  and  secrete  them 
directly  into  the  bloodstream.  A  hormone  is  a  chemical 
produced  by  the  endocrine  system  that  causes  a  phys¬ 
iological  response  in  other  cells.  Endocrine  glands  are 
sometimes  called  ductless  glands,  because  they  secrete 
their  product  directly  into  the  blood  rather  than  through 
ducts. 

Many  of  the  body’s  homeostatic  mechanisms  involve 
hormonal  action.  Usually  they  involve  the  metabolic  activi¬ 
ties  of  tissues  and  organs.  Some  hormones  speed  up  activi¬ 
ties,  while  others  slow  them  down. 

In  any  discussion  of  endocrine  glands  or  hormones  there 
are  two  prefixes  that  are  often  used.  The  prefix  hyper¬ 
means  “over,”  or  “excessive.”  For  example,  an  overactive 
thyroid  gland  is  described  as  a  hyperthyroid.  The  other 
prefix,  hypo-,  has  the  opposite  meaning.  An  underactive 
thyroid  is  a  hypothyroid. 

36—2  The  pituitary  One  of  the  important  endo¬ 
crine  glands  is  the  pituitary  (pi  tii'a  ter  e)  gland,  which 
has  a  mass  of  about  0.5  g  and  is  located  under  the  brain.  It 
is  attached  by  a  short  stalk  to  a  region  of  the  brain  called 
the  hypothalamus  (hi  pa  thal'a  mas). 

The  pituitary  gland  has  two  regions,  or  lobes,  which  are 
made  up  of  different  tissues  and  secrete  different  hor¬ 
mones.  The  front,  or  anterior  (an  tir'e  ar)  lobe,  is  linked 
to  the  hypothalamus  by  a  group  of  capillaries.  There  is  a 
one-way  flow  in  the  capillaries,  so  that  secretions  from  the 
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FIGURE  36-1 

The  lobes  of  the  pituitary  gland 
are  identified  at  right.  The 
anterior  lobe  produces  six 
hormones.  The  posterior  lobe 
stores  two  hormones  that  are 
produced  in  the  hypothalamus. 


hypothalamus  travel  only  to  the  pituitary.  The  hypo¬ 
thalamus  produces  chemicals  called  releasing  factors 
that  travel  down  into  the  anterior  lobe  and  stimulate  the  re¬ 
lease  of  hormones.  The  anterior  lobe  secretes  six  different 
hormones,  and  their  secretion  is  stimulated  by  different  re¬ 
leasing  factors. 

The  back,  or  posterior  (pos  tir'e  or)  lobe,  is  only  a 
storage  gland  for  two  hormones  that  are  produced  in  the 
hypothalamus.  These  hormones  travel  from  the  hypo¬ 
thalamus  along  nerve  fibers  that  extend  into  the  posterior 
lobe. 

36—3  Hormones  of  the  anterior  lobe  Of  the  six 

hormones  produced  by  the  anterior  lobe,  three  are  repro¬ 
ductive  hormones.  They  stimulate  the  development  of 
sperm  and  eggs  and  of  milk  in  the  mother’s  breasts. 

Two  of  the  other  three  hormones  stimulate  other  endo- 
crine  glands.  Adrenocorticotrophic  hormone,  or 
ACTH,  stimulates  the  adrenal  cortex,  which  is  the  outer 
layer  of  the  adrenal  glands.  ACTH  stimulates  the  adrenal 
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cortex  to  produce  its  hormones.  The  second  stimulating 
hormone  is  thyroid-stimulating  hormone,  or  TSH. 

It  stimulates  the  thyroid  (thl'roid)  gland  to  increase  the 
absorption  of  iodine  from  the  bloodstream  and  to  produce 
and  secrete  its  hormone. 

The  sixth  hormone  produced  by  the  anterior  lobe  is 
growth  hormone.  Growth  hormone  stimulates  the  pro¬ 
duction  of  proteins  throughout  the  body.  It  stimulates  the 
use  of  fat  for  energy. 

Growth  hormone  has  an  indirect  effect  upon  the  growth 
of  bones  and  cartilage.  It  stimulates  the  liver  to  produce  a 
chemical  that  increases  the  rate  of  mitosis  and  cell  growth 
in  bones  and  cartilage.  Abnormal  secretions  of  growth  hor¬ 
mone  can  result  in  abnormal  growth  patterns.  Hyposecre- 
tion  of  the  hormone  causes  the  long  bones  of  the  arms  and 
legs  to  grow  slowly  and  to  stop  growing  at  an  early  age. 
This  produces  a  “pituitary  dwarf.”  Hypersecretion  can 
cause  the  opposite  effect— continued  growth  of  the  long 
bones  and  a  “pituitary  giant.”  Hypersecretion  in  adult¬ 
hood,  after  the  long  bones  have  stopped  growing,  can 
cause  bones  of  the  face  and  vertebrae  to  grow  more  than 
normal.  This  condition,  called  acromegaly  (ak  ro  meg's 
le),  produces  a  face  with  an  enlarged  jaw  and  brow  and 
sometimes  a  humped  back. 

36—4  Hormones  of  the  posterior  lohe  The  hor¬ 
mones  from  the  posterior  lobe  are  really  from  the  hypo¬ 
thalamus  of  the  brain.  However,  they  are  secreted  from  the 
posterior  lobe  and  are  considered  to  be  pituitary  hor¬ 
mones.  There  are  two  of  them,  both  short  peptides  that  are 
made  up  of  8  amino  acids. 

One  of  the  posterior  lobe  hormones  has  two  names  and 
is  often  thought  of  as  two  hormones  because  it  produces 
two  separate  effects  in  the  body.  One  name  for  the  hor¬ 
mone  is  vasopressin  (vas  o  pres'in).  It  is  sometimes  used 
for  medical  purposes  because  it  causes  the  arterioles  to 
constrict.  Under  natural  conditions,  vasopressin  is  released 
during  the  severe  bleeding  of  an  injury.  It  helps  to  slow 
down  blood  loss  and  to  maintain  blood  pressure.  The 
other  name  for  the  hormone  is  antidiuretic  (an  tl  dl  yii 
ret'ik)  hormone,  or  ADH.  This  hormone  helps  the  body 
conserve  water  by  causing  reabsorption  of  water  in  the 
kidney  tubules  (nephrons).  If  the  body  is  dehydrated,  as  it 
might  be  during  warm  weather,  increased  ADH  causes 
more  reabsorption  of  water  in  the  kidneys.  This  causes  the 
urine  to  be  more  concentrated.  If  the  body  has  a  surplus  of 
water,  ADH  production  will  decrease  and  less  water  will 
be  reabsorbed  by  the  kidneys. 


The  second  hormone  of  the  posterior  lobe  is  oxytocin 
(ok  si  to'sin).  It  functions  in  the  female  during  and  after 
childbirth. 

36—5  The  adrenal  glands  The  adrenal  (s 
dre'nsl)  glands  are  small  glands  that  lie  above  or  near  the 
kidneys.  The  adrenal  glands  are  made  up  of  two  parts. 
Each  part  produces  its  own  unique  hormones. 

The  inner  part  of  the  adrenal  gland  is  called  the  me¬ 
dulla  (mi  dul's).  It  produces  two  hormones  that  are 
called  “fight  or  flight”  hormones.  They  have  this  name  be¬ 
cause  they  stimulate  the  whole  body  to  be  ready  for  phys¬ 
ical  action. 

The  main  hormone  of  the  adrenal  medulla  is  called  epi¬ 
nephrine  (ep  s  nef' rin),  or  adrenaline.  It  is  a  powerful 
hormone  that  has  six  effects  upon  the  body: 

1 .  It  causes  the  heart  to  beat  faster  and  increase  the  force 
of  its  contractions. 

2.  It  causes  the  selective  constriction  and  dilation  of  ar¬ 
terioles.  It  causes  those  of  the  skin,  mucous  membranes, 
and  kidneys  to  constrict.  It  causes  those  of  the  heart,  skele¬ 
tal  muscles,  and  lungs  to  dilate. 


FIGURE  36-2 

One  adrenal  gland  lies  above 
each  kidney. 
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FIGURE  36-3 

The  hormones  of  the  medulla, 
epinephrine  and  norepinephrine, 
prepare  the  body  for  physical 
action.  Cortisol,  produced  in  the 
cortex,  is  necessary  for  the  body 
to  deal  with  stress. 


3.  It  selectively  stimulates  and  inhibits  almost  all  the 
smooth  muscles  in  the  body.  It  stimulates  those  of  the 
spleen,  digestive  sphincters,  hair  follicles,  and  eye.  It  inhib¬ 
its  movement  of  smooth  muscles  in  the  stomach,  intestines, 
bronchioles,  and  bladder. 

4.  It  stimulates  the  nerves  of  the  brain  and  spinal  cord, 
making  the  body  more  aware  and  alert  to  the  environment. 

5.  It  causes  the  skeletal  muscles  to  have  increased 
strength  and  endurance. 

6.  It  increases  the  energy  metabolism  inside  cells  and 
causes  an  increase  in  blood  sugar  by  releasing  stored  car¬ 
bohydrates. 

The  second  hormone  produced  by  the  adrenal  medulla 
is  called  norepinephrine  (nor  ep  3  nef'rin).  It  is  a  pow¬ 
erful  constrictor  of  the  arterioles  and  supplements  the  ef¬ 
fect  of  epinephrine.  It  also  has  a  role  in  releasing  fatty  acids 
from  stored  adipose  tissue. 

Epinephrine  is  widely  used  in  medicine  for  certain  emer¬ 
gencies.  It  is  used  to  stop  minor  bleeding,  such  as  in  nose¬ 
bleeds  and  during  minor  surgery.  It  is  used  to  ease  the 
symptoms  of  asthma  because  it  inhibits  the  bronchiole 
muscles.  Its  most  dramatic  use  is  during  heart  stoppage, 
when  it  is  injected  directly  into  the  heart.  Sometimes  it  can 
start  the  heart  beating  again. 

36—6  The  adrenal  cortex  The  outer  region  of  the 
adrenal  glands  is  called  the  cortex.  A  person  can  live  with¬ 
out  the  adrenal  medulla  but  not  without  the  cortex,  unless 
its  hormones  are  given  regularly.  The  hormones  of  the  cor¬ 
tex  are  essential  for  life. 

One  of  the  hormones  of  the  adrenal  cortex  is  cortisol 
(kor'ts  sol).  (The  synthetic  preparation  of  this  hormone  is 
called  cortisone;  it  is  converted  to  cortisol  in  the  body.) 
Cortisol  has  numerous  effects  upon  the  body.  Generally  it 
stimulates  various  functions  of  the  body  so  that  it  can  toler¬ 
ate  stress.  Production  of  cortisol  is  stimulated  by  condi- 
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tions  that  stress  the  body,  such  as  cold,  heat,  physical 
injury,  and  prolonged  danger.  Hyposecretion  of  cortisol 
results  in  Addison’s  (ad'a  senz)  disease,  which  causes 
the  body  to  have  less  tolerance  to  stress  and  a  tired  feeling. 

The  other  major  hormone  of  the  adrenal  cortex  is  al¬ 
dosterone  (al  dos'ta  ron).  It  helps  the  kidney  nephrons 
to  control  the  homeostasis  of  sodium  ions  and  potassium 
ions  in  the  blood.  If  there  are  too  many  ions,  they  will  be 
excreted  in  the  urine.  If  there  are  too  few,  they  will  be 
reabsorbed  in  the  tubule  of  the  nephrons  and  put  back 
into  the  blood. 


FIGURE  36-4 

The  locations  of  the  thyroid  gland 
and  the  parathyroid  glands  are 
identified  in  this  illustration. 


36—7  The  thyroid  The  thyroid  gland  is  in  the 

neck  just  below  the  larynx.  It  has  two  lobes,  one  on  each 
side  of  the  trachea.  They  are  connected  by  a  narrow  band 
of  thyroid  tissue.  When  stimulated  by  TSH  from  the  pitui¬ 
tary,  the  thyroid  takes  iodine  from  the  blood  and  makes  a 
hormone  called  thyroxine  (thl  rok'sen).  TSH  also  stimu¬ 
lates  the  secretion  of  thyroxine  into  the  bloodstream, 
where  it  has  very  strong  effects  upon  the  body. 

Thyroxine  increases  the  speed  of  metabolism  in  the 
body.  Especially  stimulated  are  the  cellular  respiration  re¬ 
actions  that  occur  in  the  mitochondria  of  cells. 

Abnormal  secretions  of  thyroxine  cause  problems  in  the 
body.  Hyposecretion  during  childhood  causes  a  condition 
called  cretinism  (kre'ta  niz  am).  A  victim  of  cretinism  is 
underdeveloped,  much  smaller  than  normal,  and  mentally 
retarded.  Hyposecretion  in  an  adult  causes  a  condition 
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called  myxedema  (mik  S3  de'ma).  In  extreme  cases  of 
myxedema  the  person  is  obese,  tired,  and  disinterested; 
has  a  slow  heartbeat;  and  may  be  mentally  dull.  Hyperse¬ 
cretion  of  thyroxine  is  like  turning  up  the  body  thermostat. 
Metabolism  can  greatly  increase,  causing  increased  heat 
production,  loss  of  weight,  nervousness,  loss  of  sleep,  and 
increased  appetite.  An  extreme  symptom  is  bulging  eyes 
and  widely  dilated  pupils.  Fortunately,  there  are  medical 
treatments  for  both  abnormal  conditions. 

Another  abnormal  condition  of  the  thyroid  is  simple 
goiter  (goi'tar  ).  This  is  an  abnormally  large  growth  of  the 
thyroid.  It  may  occur  if  there  is  not  sufficient  iodine  in  the 
diet  to  manufacture  enough  thyroxine.  The  thyroid  re¬ 
sponds  to  this  shortage  by  growing  larger.  Simple  goiter  is 
rare  in  modern  societies  because  iodine  is  now  added  to 
salt,  and  most  people  use  this  iodized  salt  on  their  food. 

36—8  The  parathyroids  There  are  four  para¬ 
thyroid  glands  embedded  in  the  thyroid  gland.  They 
are  small— only  about  2  to  4  mm  long— and  very  important 
in  the  body.  Removal  of  the  parathyroids,  without  supple¬ 
mental  treatment,  can  cause  death. 

The  parathyroids  produce  a  hormone  called  para¬ 
thormone  (par  e  thor'mon).  This  hormone  controls  the 
homeostasis  of  calcium  and  phosphorous  in  the  blood.  A 
hypersecretion  causes  poor  bones  and  teeth  because  of  a 
lack  of  calcium.  Hyposecretion  causes  the  nervous  system 
to  be  excitable,  with  muscular  twitching  and  spasms. 

36—9  The  pancreas  The  pancreas  is  a  dual-function 
gland.  It  produces  digestive  enzymes  that  flow  through 
ducts  into  the  small  intestine.  It  has  specialized  tissue  that 
produces  hormones,  which  go  directly  into  the  blood¬ 
stream.  This  specialized  tissue  is  called  the  islets  (I'lets) 
of  Langerhans  (lang'sr  hans). 

One  hormone  produced  in  the  islets  of  Langerhans  is  in¬ 
sulin  (in'ss  lin).  It  is  a  protein  that  helps  regulate  the 
quantity  of  sugar  in  the  blood.  The  function  of  insulin  is  to 
decrease  the  blood  sugar  and  cause  it  to  be  stored  in  the 
form  of  glycogen.  Glycogen  is  a  polysaccharide  that  is 
stored  in  the  liver  and  in  muscle  tissue.  A  hyposecretion  of 
insulin  causes  the  blood  sugar  level  to  rise.  This  causes  a 
condition  called  hyperglycemia  (hi  per  gll  se'me  3). 
The  excess  sugar  is  excreted  by  the  kidneys,  and  this  sets 
off  a  chain  of  events  that  can  lead  to  death  in  extreme 
cases.  The  disease  caused  by  hyposecretion  of  insulin  is 
called  diabetes  mellitus  (dl  3  be'tis  mel'3  tss),  and  it 
can  be  treated  with  regular  injections  of  insulin. 
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FIGURE  36-5 

The  islets  of  Langerhans, 
scattered  throughout  the 
pancreatic  tissue,  produce  the 
hormones  insulin  and  glucagon. 


The  other  hormone  produced  in  the  islets  of  Langerhans 
is  called  glucagon  (glii'ka  gon).  It  has  the  opposite  effect 
of  insulin.  Glucagon  causes  glycogen  to  be  converted  to 
glucose  and  sent  into  the  bloodstream.  A  low  blood  sugar 
level,  called  hypoglycemia  (hi  po  gll  se'me  a),  stimu¬ 
lates  the  release  of  glucagon,  which,  in  turn,  causes  the 
blood  sugar  level  to  rise. 

36—10  Other  hormones  A  group  of  hormones 
called  prostaglandins  (pros'ta  gland  inz)  are  found  in 
many  organs  throughout  the  body.  They  exist  for  a  very 
short  time  in  the  bloodstream  and  have  been  difficult  to 
collect  and  study.  They  produce  a  wide  variety  of  effects. 

The  kidney  produces  two  hormones  in  addition  to  its 
function  as  a  blood  cleanser.  One  hormone,  called  eryth¬ 
ropoietin  (i  rith  ro  poi'o  tin),  stimulates  the  red  bone 
marrow  to  produce  more  erythrocytes,  or  red  blood  cells. 
The  other  hormone  is  called  renin  (re'nin),  which  causes 
an  increase  in  the  blood  pressure. 


CHECK  YOUR  FACTS 

1.  What  is  a  hormone?  What  are  ductless  glands? 

2.  What  do  the  prefixes  hypo-  and  hyper-  mean? 

3.  Describe  how  the  structure  and  function  of  the  pituitary  is 
linked  to  that  of  the  hypothalamus. 

4.  Describe  the  effects  of  TSH  and  ACTH.  What  hormones  are 
produced? 

5.  What  are  the  effects  of  the  growth  hormone  of  the  pitui¬ 
tary?  What  is  acromegaly  and  what  causes  it? 
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SUMMARY 


The  endocrine  system  is  made  up  of  glands  and  specialized 
groups  of  cells  that  produce  hormones  and  secrete  them 
directly  into  the  bloodstream.  Many  homeostatic  mechanisms 
involve  hormones.  Releasing  factors  from  the  hypothalamus 
stimulate  the  anterior  lobe  of  the  pituitary,  which  produces 
ACTH,  TSH,  three  reproductive  hormones,  and  a  growth  hor¬ 
mone.  The  posterior  lobe  of  the  pituitary  stores  and  secretes 
the  vasopressin,  or  ADH,  and  oxytocin  that  are  produced  by 
the  hypothalamus.  The  adrenal  medulla  produces  the  ‘‘fight 
or  flight”  hormones— epinephrine  and  norepinephrine.  ACTH 
from  the  pituitary  stimulates  the  production  of  cortisol  and  al¬ 
dosterone  in  the  adrenal  cortex. 


REVIEW  QUESTIONS _ _ 

1.  What  are  the  effects  of  antidiuretic  hormone,  ADH? 
Where  is  it  produced? 

2.  What  hormones  are  produced  in  the  adrenal  glands? 
Where  are  these  glands  located? 

3.  What  is  the  general  function  of  the  hormones  produced 
in  the  adrenal  medulla? 

4.  What  are  the  six  effects  of  epinephrine? 

5.  What  are  the  general  functions  of  the  hormones  secreted 
by  the  adrenal  cortex?  What  causes  these  hormones  to 
be  produced? 

6.  What  is  the  effect  of  thyroxine  on  the  body?  Can  you 
state  what  conditions  result  from  abnormal  secretions  of 
thyroxine? 

7.  What  is  a  simple  goiter?  How  has  modern  society  all  but 
eliminated  this  disorder? 

8.  What  can  result  from  abnormal  secretions  of  para¬ 
thormone?  Where  is  this  hormone  produced? 

9.  What  are  the  islets  of  Langerhans?  What  is  produced 
there? 

10.  How  are  the  two  hormones  of  the  question  above  re¬ 
lated? 


ANALYSIS  AND  APPLICATION _ 

1.  What  could  a  diabetic  person  who  has  taken  a  slight  over¬ 
dose  of  insulin  do  to  correct  the  imbalance? 

2.  What  have  you  learned  about  hormone  secretions  that 
suggests  how  the  conscious  part  of  our  brain  might  exert 
control  over  internal  functions? 
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the  Brain 


Neurons  and  Nerves 

37—1  The  basic  functions  The  nervous  system 
has  two  basic  functions.  It  receives  and  interprets  informa¬ 
tion  from  the  environment  and  stimulates  a  response  that 
enables  the  individual  to  respond  to  changes  in  the  envi¬ 
ronment.  The  nervous  system  also  coordinates  all  the  inter¬ 
nal  systems  of  the  body  so  that  they  function  properly.  The 
latter  function  is  called  integration  (in  ta  gra'shon).  The 
endocrine  glands  assist  with  integration.  However,  the  ner¬ 
vous  system  has  an  advantage  over  the  endocrine  system. 
This  advantage  is  speed.  Information  can  be  transmitted 
throughout  the  body  much  faster  by  the  nervous  system 
than  by  chemicals  in  the  bloodstream. 

3  7—2  The  neuron  The  basic  unit  of  the  nervous  sys¬ 
tem  is  the  highly  specialized  nerve  cell  called  a  neuron 
(nur'on).  It  has  a  cell  body  like  that  of  most  other  cells. 
The  neuron  differs  from  other  cells  in  having  branched 
projections  that  extend  out  from  the  cell  body.  Some  of  the 
projections  are  called  dendrites  (den'drits)  and  look  like 
tree  branches  without  leaves.  The  other  type  of  projection 
is  called  an  axon  (ak'son).  The  axon  is  branched  at  the 
end. 

Its  specialized  structure  enables  the  neuron  to  transmit 
nerve  impulses,  which  are  electrical  in  nature.  Im¬ 
pulses  always  travel  in  one  direction  through  a  neuron. 
They  are  received  by  the  dendrites,  transferred  to  the  cell 
body,  and  then  sent  down  the  axon  away  from  the  cell 
body. 
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FIGURE  37-1 

The  various  structures  of  a  typical 
neuron  are  identified  in  the  figure 
below.  An  axon  in  cross  section 
is  shown  at  the  bottom. 


SCHWANN  CELL 


Many  axons  are  surrounded  by  a  white  fatty  material 
called  myelin  (ml'a  lin),  which  forms  an  outer  sheath. 
The  myelin  sheath  is  made  up  of  Schwann  cells  that  are 
wrapped  around  the  outside  of  the  axon  like  a  jelly  roll. 
Between  the  Schwann  cells  there  is  a  region  where  the 
axon  is  exposed  to  the  tissue  fluids.  This  region  is  called  a 
node  (nod)  of  Ranvier  (ron've  a). 

37—3  The  synapse  To  travel,  nerve  impulses  must 
be  passed  from  one  neuron  to  another  neuron.  However, 
two  adjacent  neurons  never  directly  touch  each  other.  The 
impulses  must  pass  across  a  gap  between  the  neurons 
called  a  synapse  (si  naps').  On  one  side  of  the  synapse 
there  are  the  branched  ends  of  the  axon  that  is  carrying  a 
nerve  impulse.  At  the  branched  ends  of  the  axon  there  are 
usually  little  swellings  that  look  like  buttons.  Inside  the 
“buttons”  are  small  vesicles  that  contain  chemicals  called 
transmitters  (trans  mit'ars).  One  of  the  transmitters  is 
the  hormone  norepinephrine.  The  other  transmitter  is  a 
chemical  called  acetylcholine  (as  3  tal  ko'len).  A  nerve 
impulse  traveling  down  the  axon  stimulates  the  secretion 
of  one  of  the  transmitters.  The  transmitter  bridges  the 


FIGURE  37-2  Chemical  transmitters  released  by  the  axon  cross  the 
synaptic  gap  and  stimulate  dendrites  on  the  next  neuron. 
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A.  OUTSIDE  CELL— HIGH  CONCENTRATION  OF  Na+ 
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PROPAGATION  OF  IMPULSE  CONTINUES 
FIGURE  37-3  The  passage  of  an  impulse  along  the  membrane  of  a 
neuron  is  illustrated  in  the  diagram  above. 

synapse,  forming  a  chemical  linkage  with  the  dendrites  of 
the  next  neuron.  The  nerve  impulse  is  transmitted  across 
the  synapse  to  the  dendrites.  It  spreads  to  the  cell  body, 
then  down  another  axon.  At  the  synapse,  immediately  after 
transfer  of  the  impulse,  the  transmitter  is  broken  down  by 
enzymes  to  clear  the  synapse  for  future  impulses. 

37—4  How  nerve  impulses  travel  Nerve  im¬ 
pulses  actually  travel  along  the  cell  membrane  of  the  neu¬ 
ron.  A  neuron  that  is  not  carrying  a  nerve  impulse,  called  a 
resting  neuron,  has  a  membrane  that  is  polarized.  The  in¬ 
side  of  the  membrane  has  a  negative  charge;  the  outside 
environment  has  a  positive  charge.  When  something  stim¬ 
ulates  a  neuron,  such  as  electricity,  chemicals,  or  touch,  a 
section  of  the  membrane  becomes  depolarized.  Then  the 
inside  of  that  section  becomes  positive.  This  reaction  is 
very  brief  and  the  membrane  quickly  returns  to  its  original 
polarized  condition.  However,  when  it  was  depolarized,  it 
stimulated  the  adjacent  membrane  region,  causing  it  to  be¬ 
come  depolarized.  Thus  there  is  a  chain  reaction  down  the 
length  of  the  neuron,  with  one  region  of  the  membrane  be- 


coming  depolarized  right  after  the  other.  That  depolariza¬ 
tion  movement  down  the  cell  membrane  of  the  neuron  is 
the  nerve  impulse. 

What  causes  the  cell  membrane  to  become  depolarized? 
Research  has  shown  that  a  resting  neuron  has  a  higher 
than  normal  concentration  of  sodium  ions  (Na+)  on  the 
outside  of  the  membrane.  There  is  a  higher  than  normal 
concentration  of  potassium  ions  (K+)  on  the  inside  of  the 
membrane.  These  abnormal  concentrations  are  maintained 
by  active  transport.  A  “sodium  pump”  keeps  Na+  ions  out 
of  the  neuron,  and  a  “potassium  pump”  keeps  K+  ions  in¬ 
side  the  neuron.  Whatever  triggers  the  nerve  impulse 
causes  the  membrane  to  be  more  permeable  to  Na+  ions, 
and  they  flow  in.  The  K+  ions  flow  out.  This  flow  of  ions 
causes  the  depolarizing  to  occur.  Shortly  afterward  the  two 
“pumps”  go  back  to  work,  pumping  out  sodium  and 
pumping  in  potassium.  This  returns  the  membrane  to  its 
polarized,  or  resting,  condition. 

3  7—5  The  nerve  Some  neurons  are  very  long,  mainly 
because  of  their  long  axons.  For  example,  there  are  neu¬ 
rons  with  cell  bodies  in  your  toes  and  the  ends  of  the 


FIGURE  37-4 

A  nerve  consists  of  bundles  of  axons  or  nerve  fibers  that  are  wrapped  in  a 
protective  sheath. 
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axons  in  your  spinal  cord.  You  may  wonder  why  a  long 
delicate  axon  of  extremely  small  diameter  is  not  broken 
apart  by  your  leg  muscles.  The  axons  survive  because  they 
are  wrapped  inside  a  protective  sheath.  A  bundle  of  50  to 
500  axons  will  run  along  parallel  to  each  other,  wrapped 
in  a  sheath  like  a  telephone  cable.  Such  a  bundle  of  axons 
is  called  a  nerve  (nerv).  The  axons  inside  the  nerve  are 
called  nerve  fibers.  Remember,  each  nerve  fiber  is  an 
extension  of  the  cytoplasm  of  a  living  cell,  a  neuron. 


CHECK  YOUR  FACTS 

1.  What  is  the  function  of  integration?  Why  is  the  nervous 
system  superior  to  the  endocrine  glands  in  this  function? 

2.  Describe  the  structure  of  a  neuron. 

3.  In  which  direction  does  a  nerve  impulse  travel  in  a  neu¬ 
ron? 

4.  What  are  Schwann  cells?  What  is  a  node  of  Ranvier? 

5.  What  is  a  synapse?  Can  an  electrical  impulse  cross  a 
synapse? 

6.  Describe  how  a  nerve  impulse  is  transmitted  across  a 
synapse. 

7.  What  happens  to  a  transmitter  after  it  has  stimulated  the 
dendrites  of  the  next  neuron?  What  two  chemicals  act  as 
transmitters? 


Organization  of  the  Nervous  System 

37—6  General  organization  The  nervous  system 
is  made  up  of  two  subsystems.  One  is  the  central  ner¬ 
vous  system,  which  consists  of  the  spinal  cord  and  the 
brain.  The  other  is  the  peripheral  (pa  rif' ar  al)  nervous 
system,  which  includes  all  the  nerves  that  branch  from 
the  spinal  cord  and  the  brain. 

All  neurons,  nerves,  and  nerve  impulses  are  described  in 
terms  of  their  direction  of  movement.  Generally  two  differ¬ 
ent  names  may  be  used  for  movement  in  each  direction. 
Afferent  (afar  ant)  and  sensory  refer  to  movement  to¬ 
ward  the  central  nervous  system.  Efferent  (efiar  ant) 
and  motor  refer  to  movement  away  from  the  central  ner¬ 
vous  system.  For  example,  an  afferent  nerve  or  sensory 
nerve  would  be  carrying  impulses  toward  the  spinal  cord 
or  the  brain.  An  efferent  nerve  or  motor  nerve  would  be 
carrying  impulses  away  from  the  spinal  cord  or  the  brain. 

A  unique  type  of  neuron  is  the  interneuron  (in  tar 
nur'on),  which  passes  an  impulse  from  one  neuron  to  an- 
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other.  One  interneuron  may  have  dendrite  connections 
with  several  other  neurons.  Hence  an  interneuron  is  some¬ 
what  like  a  small  telephone  switchboard.  Impulses  reach¬ 
ing  an  interneuron  may  be  sent  to  several  different  neu¬ 
rons. 

The  great  mass  of  nerve  cell  bodies  and  interneurons  are 
in  the  brain  and  the  spinal  cord.  However,  there  are  many 
other  groups  of  nerve  cell  bodies  and  interneurons  outside 
the  central  nervous  system.  These  groups  are  called  gang¬ 
lia  (gang'gle  a)  (sing,  ganglion).  Many  of  the  neurons 
that  control  our  internal  organs  have  their  cell  bodies  in 
ganglia. 

37—7  The  spinal  cord  The  spinal  cord  is  a  ropelike 
structure  about  the  diameter  of  the  little  finger.  It  is  sur- 


FIGURE  37-5 

The  spinal  cord  is  protected  by  the  vertebral  column.  Spinal  nerves  are 
formed  from  dorsal  and  ventral  roots  of  the  spinal  cord. 


rounded  by  protective  vertebrae,  but  it  has  31  pairs  of 
spinal  nerves  that  extend  out  between  the  vertebrae. 
The  spinal  nerves  control  much  of  the  body  below  the 
head. 

A  cross  section  of  the  spinal  cord  shows  that  it  is  made 
up  of  two  kinds  of  nerve  tissue.  The  center  is  made  up  of  a 
butterfly-shaped  region  of  gray  matter.  Gray  matter 
consists  of  cell  bodies  of  interneurons  and  motor  neurons; 
dendrites;  and  synapses.  The  outer  region,  or  white  mat¬ 
ter,  is  made  up  of  bundles  of  axons  and  dendrites,  many 
of  which  are  covered  with  white  myelin  sheaths.  The 
myelin  sheaths  are  responsible  for  the  name  white  matter. 
The  axons  of  the  white  matter  carry  impulses  up  and  down 
the  spinal  cord.  Some  impulses  are  going  up  to  the  brain. 
Others  are  coming  from  the  brain,  traveling  down  through 
the  cord,  and  will  go  out  to  the  body  through  the  spinal 
nerves. 

Each  spinal  nerve  is  formed  from  two  roots  that  branch 
from  the  spinal  cord.  The  dorsal  root  carries  sensory  im¬ 
pulses  to  the  spinal  cord.  The  ventral  root  carries  motor 
impulses  away  from  the  cord. 

Surrounding  both  the  spinal  cord  and  the  brain  are  three 
membranes  called  the  meninges  (mo  nin'jez).  Between 
the  meninges  is  a  fluid  that  helps  to  cushion  the  spinal  cord 
and  the  brain  and  to  protect  them  from  injury.  Sometimes 
these  membranes  become  infected,  causing  a  disease  called 
meningitis. 

37—8  A  spinal  reflex  Sensory  impulses  from  the 
body  below  the  head  come  to  the  spinal  cord,  where  they 
reach  a  synapse.  That  synapse  may  be  with  a  motor  neu¬ 
ron,  which  will  send  an  impulse  directly  back  to  some  part 
of  the  body.  This  is  the  simplest  route,  and  it  is  called  a 
spinal  reflex. 

An  example  of  a  spinal  reflex  is  the  knee-jerk  reflex. 
If  the  leg  is  off  the  floor  and  relaxed,  a  tap  just  below  the 
kneecap  will  cause  the  lower  leg  to  rise.  The  tap  stimulates 
a  sensory  neuron,  which  carries  an  impulse  to  the  spinal 
cord.  This  sensory  neuron  synapses  directly  with  a  motor 
neuron  that  carries  an  impulse  to  an  extensor  muscle  in 
the  leg.  The  extensor  muscle  raises  the  leg. 

Reflexes  may  be  more  complex  and  involve  one  or  more 
interneurons.  But  they  are  simple  enough  that  reactions  to 
sensory  information  can  be  made  quickly.  Generally  re¬ 
flexes  are  protective.  The  knee-jerk  reflex  straightens  out 
the  leg  if  it  starts  to  collapse.  Another  protective  reflex  will 
occur  if  you  touch  something  hot.  Your  hand  will  draw 
away  so  fast  that  you  will  not  have  time  to  think  about  it. 


553 


SCIENCE  TERMS 

central  nervous  system 

peripheral  nervous  system 

afferent 

sensory 

efferent 

motor 

interneuron 
ganglia 
spinal  nerves 
gray  matter 
white  matter 
meninges 
spinal  reflex 
knee-jerk  reflex 
autonomic  nerves 
sympathetic  nerve 
parasympathetic  nerve 
psychosomatic 

554 


FIGURE  37-6 

In  a  spinal  reflex  the  nerve  impulse  passes  along  a  sensory  neuron  to  the 
spinal  cord  and  then  directly  to  a  motor  neuron. 

However,  some  reflexes  can  be  overridden  by  our  con¬ 
scious  thinking.  For  example,  by  holding  the  leg  rigid 
while  someone  taps  the  knee,  the  knee-jerk  reflex  can  be 
overridden  and  the  leg  will  not  move. 

37—9  Autonomic  nerves  The  term  autonomic 
means  “independent  of  control.”  The  autonomic  (6  ta 
nom'ik)  nerves  are  all  the  nerves  that  control  functions 
that  are  mostly  independent  of  our  conscious  control. 
These  include  such  functions  as  respiration,  excretion,  di¬ 
gestion,  heart  beat,  diameter  of  arterioles,  internal  repro¬ 
ductive  functions,  and  release  of  hormones.  Many  of  the 
cell  bodies  of  autonomic  neurons  are  in  ganglia  outside  the 
brain  and  the  spinal  cord.  The  autonomic  nerves  are  re¬ 
sponsible  for  the  second  major  function  of  the  nervous  sys¬ 
tem,  whidh  is  the  integration  of  the  internal  systems  of  the 
body. 


Almost  every  organ  and  internal  function  is  controlled 
by  two  opposing  types  of  autonomic  nerves.  One  type  of 
autonomic  nerve  is  called  a  sympathetic  (sim  ps  thet'ik) 
nerve.  The  other  type  is  called  a  parasympathetic 
(par  3  sim  ps  thet'ik)  nerve.  We  can  use  the  heart  to  illus¬ 
trate  how  these  opposing  types  of  nerves  work.  An  im¬ 
pulse  from  a  sympathetic  nerve  will  cause  the  heart  to  beat 
more  rapidly.  But  the  heart  is  also  linked  to  a  para¬ 
sympathetic  nerve.  An  impulse  from  the  parasympathetic 
nerve  inhibits  the  heartbeat  and  causes  it  to  slow  down. 


FIGURE  37-7 

The  subdivisions  of  the 
autonomic  nervous  system  and 
their  opposing  actions  are 
identified  in  the  figure  below. 
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Control  from  these  opposing  nerves  keeps  the  heartbeat 
regulated  and  operating  within  a  normal  range.  Control 
from  the  sympathetic  and  parasympathetic  nerves  keeps  all 
other  internal  organs  regulated. 

Generally,  autonomic  nerves  are  called  involuntary 
nerves.  This  means  that  we  have  no  conscious  control  over 
them.  However,  it  is  possible  for  our  conscious  thinking  to 
affect  internal  functions.  Various  experiments  have  proved 
that  people  can  learn  ways  to  control  such  things  as  heart 
rate  and  blood  pressure.  People  can  also  think  themselves 
into  internal  disorder.  Such  disorders  result  in  headaches, 
digestive  problems,  or  more  serious  diseases.  Disorders  or 
diseases  that  people  think  themselves  into  are  called  psy¬ 
chosomatic  (si  ko  so  mat'ik),  which  means  “mind  over 
body.” 


CHECK  YOUR  FACTS 


1.  What  are  the  two  subsystems  of  the  nervous  system  and 
what  do  they  include? 

2.  What  terms  refer  to  movement  toward  the  central  nervous 
system?  Away  from  it? 

3.  In  what  structures  are  nerve  cell  bodies  found  in  groups? 

4.  Describe  the  cross  section  of  the  spinal  cord.  What  do  the 
two  regions  include? 

5.  What  are  the  two  roots  of  the  spinal  nerves  for? 

6.  How  are  the  brain  and  the  spinal  cord  cushioned? 


The  Brain 

37—10  General  structure  and  function  The 

human  brain  is  the  most  highly  organized,  most  complex 
organ  in  the  body.  Using  this  organ,  humans  have  discov¬ 
ered  and  created  enough  knowledge  to  fill  libraries  and 
museums.  But  the  human  brain  has  failed  in  the  search  for 
one  very  important  type  of  knowledge.  It  has  not  yet  dis¬ 
covered  how  much  of  itself  actually  functions.  Only  in  a 
general  way  do  we  understand  the  workings  of  the  human 
brain. 

The  brain  is  divided  into  three  basic  regions.  The  first  is 
the  brainstem,  the  lower  part  of  the  brain  that  joins  the 
spinal  cord.  The  second  region  is  the  cerebellum  (ser  a 
bel'am),  a  baseball-sized  region  above  the  brainstem.  The 
third  region,  the  cerebrum  (ser'9  brsrn),  is  the  largest 
part  of  the  brain. 

The  brain  has  tw  o  main  functions.  It  is  the  center  that 
directly  or  indirectly  controls  all  body  processes.  It  also  re- 
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The  major  areas  of  the  human 

ceives,  interprets,  and  responds  to  a  wide  variety  of  sen-  brain  are  identified  in  this 
sory  information  from  outside  the  body.  This  second  func-  photograph, 
tion  relies  on  receptors  (ri  sep'tors),  which  are 
specialized  tissues  or  organs  that  respond  to  information. 

The  information  comes  to  the  body  in  the  form  of  touch, 
vibrations,  chemicals,  or  light. 

37-11  The  brainstem  The  brainstem  is  often 
thought  of  as  an  extension  of  the  spinal  cord.  The  main  re¬ 
gion  of  the  brainstem  is  the  medulla.  The  medulla  con¬ 
tains  control  centers  for  many  vital  processes  of  the  body, 
including  respiration  and  heart  beat. 

Another  important  part  of  the  medulla  is  the  reticular 
(ri  tik'yo  lor)  formation.  This  is  a  network  of  neurons 
that  screens  all  the  impulses  on  their  way  to  the  brain.  It 
lets  some  through  and  even  alerts  parts  of  the  brain  that 
the  impulses  are  coming.  But  the  reticular  formation 
blocks  other  impulses.  For  example,  we  do  not  normally 
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fed  the  clothes  that  are  on  our  body.  Those  touch  impulses 
from  our  skin  are  kept  out  of  our  consciousness.  But  the 
reticular  formation  might  let  other  forms  of  touch  impulses 
through  to  the  brain  where  they  could  be  analyzed. 

37—12  The  cerebellum  The  cerebellum  is  a  round 
and  wrinkled  region  between  the  brainstem  and  the  cere¬ 
brum.  Its  main  function  is  to  coordinate  skeletal  move¬ 
ments.  However,  it  does  not  have  complete  control  over 
body  movements,  as  experiments  on  dogs  have  demon¬ 
strated.  Dogs  with  their  cerebellum  removed  still  can  move 
their  body  and  walk.  But  their  movements  are  not  coordi¬ 
nated  or  smooth.  Research  has  shown  that  movements  are 
caused  and  controlled  by  impulses  from  the  cerebrum. 

37—13  The  cerebrum  The  cerebrum  is  the  largest 
part  of  the  brain,  making  up  about  80  percent  of  the  total 
brain  tissue.  The  unique  part  of  the  human  cerebrum  is  its 
outer  layer,  or  cortex  (kor'teks),  which  is  a  layer  of  gray 
matter  2  to  4  mm  thick.  The  cortex  has  deep  grooves  and 
wrinkles  that  greatly  increase  its  total  area.  No  other  ani- 


While  the  cerebellum  coordinates 
the  movements  of  skeletal 
muscles,  many  other  sensory 
receptors  and  areas  of  the  brain 
are  involved  in  balance  and 
coordination. 
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FIGURE  37-8  The  sensory  and  motor  regions  of  the  cerebrum  are 
identified. 


mal  has  a  cortex  as  well  developed  as  that  of  the  human. 
The  cortex  is  the  most  outstanding  biological  difference 
between  humans  and  other  animals.  Our  cortex  allows  us 
to  learn  and  to  reason.  It  allows  us  to  write  poetry  and 
make  worn-out  automobile  engines  run  again.  When 
someone  mentions  ice  cream,  we  form  a  picture  of  ice 
cream  in  our  mind.  If  someone  says  that  the  ice  cream  is 
strawberry-flavored,  we  see  its  red  color.  If  we  think 
harder,  we  can  even  “taste”  the  ice  cream  in  our  mind.  All 
these  activities  are  believed  to  be  unique  to  the  human 
cerebral  cortex. 

Experiments  with  animals  and  with  humans  who  have 
suffered  cerebral  damage  have  enabled  researchers  to  map 
the  cerebral  cortex.  The  mapping  experiments  have 
shown  that  there  are  sensory  and  motor  regions  in  the  cor¬ 
tex.  Within  each  sensory  and  motor  region  there  are 
specific  body  regions  that  are  controlled  by  the  cerebral 
cortex. 

37—14  Other  regions  of  the  cerebrum  At  the 

base  of  the  cerebrum  is  a  pair  of  egg-shaped  bodies  made 
up  of  gray  matter,  called  the  thalamus  (thal'a  mas).  The 
thalamus  is  like  a  relay  station.  It  takes  sensory  nerve  im¬ 
pulses  (except  smell)  and  relays  them  to  the  proper  region 
of  the  cortex. 

Beneath  the  thalamus  is  a  small  body  of  nerve  tissue 
called  the  hypothalamus  (hi  pa  thal'a  mas).  This  region 
is  mainly  responsible  for  producing  or  stimulating  secre¬ 
tion  of  pituitary  hormones.  The  hypothalamus  is  the  center 
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FIGURE  37-9  The  internal  regions  and  structures  of  the  human  brain  are 
identified  in  this  figure. 

of  control  for  such  different  body  functions  as  thirst,  plea¬ 
sure,  pain,  anger,  and  the  sex  drive. 

Another  region  that  helps  organize  our  emotions  is  the 
limbic  (lim'bik)  system,  which  is  between  the  thalamus 
and  the  cerebral  cortex.  An  electric  probe  can  be  stimu¬ 
lated  in  one  section  of  a  cat’s  limbic  system,  and  the  cat 
will  claw  and  scream  with  rage.  But  if  the  electric  probe  is 
touched  to  another  region,  the  same  cat  will  purr  and  be¬ 
come  affectionate. 

A  section  of  the  limbic  system,  called  the  hippo¬ 
campus  (hip  3  kam'pas),  seems  to  have  a  unique  role  in 
memory.  It  seems  to  be  the  section  where  our  short-term 
memory  is  stored.  Short-term  memory  is  the  type  that 
stores  a  telephone  number  long  enough  for  us  to  dial  the 
number.  Ten  minutes  later  that  number  is  forgotten,  but 
we  are  ready  to  learn  a  new  one  for  a  short  time. 


CHECK  YOUR  FACTS 


1.  What  are  the  three  basic  regions  of  the  brain? 

2.  What  are  the  two  major  functions  of  the  brain? 

3.  What  is  the  main  region  of  the  brainstem?  What  influence 
does  this  region  have  on  the  body? 

4.  Where  is  the  reticular  formation  located?  What  is  its  func¬ 
tion? 

5.  What  is  the  main  function  of  the  cerebellum? 

6.  How  much  of  the  brain  does  the  cerebrum  comprise? 
What  is  its  most  significant  substructure? 
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Receptors 

37—15  Types  of  receptors  A  sensory  receptor,  of¬ 
ten  called  a  receptor  (ri  sep'tar),  is  an  organ  or  tissue 
that  can  be  stimulated  to  send  sensory  impulses  to  the  cen¬ 
tral  nervous  system.  Receptors  range  in  complexity  from 
such  complex  organs  as  the  eye  and  ear  to  scattered  ends 
of  nerve  fibers  in  the  skin. 

There  are  five  general  types  of  receptors  in  the  human 
body.  One  type,  the  mechanoreceptor,  responds  to  me¬ 
chanical  stimulation,  such  as  pressure,  stretching,  or  vibra¬ 
tion.  There  are  mechanoreceptors  all  over  the  skin  and 
through  the  interior  of  the  body.  A  highly  specialized 
mechanoreceptor  is  the  ear,  which  responds  to  air  vibra¬ 
tions,  or  sound. 

The  second  type  of  receptor  is  the  chemoreceptor, 
which  responds  to  the  stimulation  of  chemicals.  Both  the 
tongue  and  the  nasal  cavities  have  chemoreceptors  that  re¬ 
spond  to  chemicals  that  we  sense  as  taste  and  odor. 

A  third  type  of  receptor  is  the  photoreceptor.  The 
photoreceptor  responds  to  certain  wavelengths  of  electro¬ 
magnetic  radiation.  The  human  eye  is  a  photoreceptor  that 
responds  to  the  electromagnetic  radiation  that  we  call  vis¬ 
ible  light.  Other  types  of  light— ultraviolet  light  and  in¬ 
frared  light— cannot  be  detected  by  the  human  eye. 

The  other  two  types  of  receptors  are  thermorecep¬ 
tors  (ther  mo  ri  sep'tsrs)  and  pain  receptors.  Ther¬ 
moreceptors  are  mostly  in  the  skin  and  just  inside  the 
openings  of  the  digestive  tract.  Some  detect  heat,  while 
others  detect  cold.  Pain  receptors  are  found  in  many  parts 
of  the  body  and  allow  a  person  to  know  when  some  part  of 
the  body  is  injured. 

3  7—1 6  Receptors  in  the  skin  Three  of  the  five  dif¬ 
ferent  types  of  receptors  can  be  found  in  the  skin.  The  skin 
can  detect  heat  or  cold,  touch  or  pressure,  and  pain.  The 
distribution  of  these  receptors  varies,  and  the  actual  loca¬ 
tion  on  the  skin  is  called  a  sensory  spot.  For  example,  the 
palm  side  of  a  fingertip  contains  about  60  spots  where  pain 
can  be  detected  and  100  touch  spots  within  1  cm2.  The 
back  of  the  same  finger  has  about  100  pain  spots  but  only  9 
touch  spots.  Obviously  the  skin  is  one  of  the  body’s  major 
sense  organs. 

37—17  Organs  for  chemoreception  The  nasal 
cavities  and  the  surface  of  the  tongue  are  die  major  organs 
for  chemoreception  in  the  body.  In  the  nasal  cavities  the 
olfactory  (ol  fak'tar  e)  nerves  have  endings  in  the 
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FIGURE  37- 10 

Taste  buds  are  located  on  the  surface  of  the  tongue.  Dissolved  foods 
stimulate  hairlike  extensions  of  the  taste  cells. 


mucous  membrane.  The  olfactory  nerves  are  one  of  12 
pairs  of  cranial  nerves,  or  nerves  from  the  brain.  Chem¬ 
icals  in  the  air  strike  the  nerve  endings  in  the  mucous 
membrane  and  trigger  impulses  that  travel  through  the  ol¬ 
factory  nerves.  In  the  brain  the  odors  are  interpreted. 

The  tip  and  edges  of  the  tongue  are  covered  with  spe¬ 
cialized  groups  of  cells  called  taste  buds.  Some  of  the 
cells  have  hairlike  extensions  from  depressions  in  the  taste 
buds.  Dissolved  foods  come  in  contact  with  those  hairs  and 
stimulate  the  end  fibers  of  gustatory  (gus'ta  tor  e) 
nerves.  The  gustatory  nerves,  or  nerves  of  taste,  travel 
through  three  different  pairs  of  cranial  nerves.  Food  that  is 
not  in  solution  cannot  be  tasted.  Also  the  sense  of  smell 
helps  in  tasting.  Raw  onion  tastes  somewhat  like  raw  po¬ 
tato  if  you  hold  your  nose  while  you  chew  the  onion. 

Tastes  are  usually  classified  into  four  categories:  sweet, 
sour,  salt,  and  bitter.  However,  the  four  tastes  are  not 
equally  detected  all  over  the  tongue.  Sweet  and  salt  tastes 
are  best  tasted  on  the  tip  of  the  tongue.  Sour  tastes  are 
strongest  on  the  sides  of  the  tongue.  Bitter  tastes  are  more 
strongly  detected  near  the  back  of  the  tongue. 


37— IS  Our  photoreceptors:  the  eyes  To  under¬ 
stand  the  function  of  the  human  eye,  one  must  first  under¬ 
stand  its  structure.  The  human  eye  is  ball-shaped  and 
about  2.5  cm  in  diameter.  It  is  composed  of  three  layers,  or 
coats.  The  outer  coat,  the  sclera  (sklir'a)  or  sclerotic  coat, 
is  the  white  part  of  the  eye  that  we  can  see.  The  sclera  is  a 
tough  layer  of  connective  tissue  that  protects  all  the  other 
layers.  However,  the  very  front  part  of  the  sclera  differs  in 
structure  and  function.  It  is  transparent  and  is  called  the 
cornea  (kor'ne  9).  The  cornea  allows  light  to  pass 
through  it  into  the  eyeball. 

The  second  or  middle  coat  is  the  choroid  (kor'oid).  It  is 
pigmented  and  has  many  capillaries.  At  the  front  of  the  eye 
it  is  usually  colored  brown,  gray,  green,  or  blue  and  is 
called  the  iris  (T'ris).  The  iris  has  a  round  opening,  the 
pupil  (pyii'pal).  Small  muscles  in  the  iris  can  change  the 
diameter  of  the  pupil  and  quickly  adjust  the  amount  of 
light  entering  the  eyeball. 

The  innermost  coat  is  the  retina  (ret'a  na),  which  has 
the  nerve  endings  of  the  optic  (op'tik)  nerve,  one  of  the 
cranial  nerves.  The  retina  is  like  the  film  in  a  camera.  Im¬ 
ages  focused  upon  the  retina  are  recorded  in  the  brain,  just 
as  the  camera  film  records  visual  images. 

The  crystalline  (kris'ta  lin)  lens,  usually  called  the 
lens,  is  transparent  and  separates  the  eye  into  two  cham¬ 
bers.  The  anterior  chamber  is  filled  with  a  liquid  called 
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FIGURE  37-1  I 

The  structure  of  the  human  eye  is 
shown  in  this  illustration. 
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FIGURE  37-12 

In  nearsightedness,  light  focuses 
in  front  of  the  retina.  In 
farsightedness,  light  focuses 
behind  the  retina. 


aqueous  (a'kwe  as)  humor.  The  chamber  behind  the 
lens  is  filled  with  another  fluid,  the  vitreous  (vit're  as) 
humor.  The  lens  is  flexible  and  is  connected  to  muscles. 
The  movement  of  the  muscles  can  cause  the  lens  to  be¬ 
come  rounder  or  flatter.  This  changes  the  focus  of  the  lens. 
Hold  a  pen  at  arm’s  length,  but  focus  your  eyes  on  some 
object  several  meters  away.  The  pen  will  be  visible  but 
blurred.  Now  look  at  the  pen,  and  the  lens  will  focus  on  it, 
leaving  the  object  in  the  background  blurred.  The  change 
in  focus  is  caused  by  the  lens  changing  its  thickness.  (A 
camera  works  much  the  same  way  our  eye  does;  however, 
focus  is  changed  by  moving  the  lens  back  and  forth.) 

The  retina  has  two  types  of  highly  modified  cells  called 
rods  and  cones.  The  rods  are  used  for  vision  in  dim  light 
and  cannot  detect  color.  Notice  at  dusk  or  dawn  that 
bright-colored  flowers  are  merely  a  shade  of  gray.  The 
cones  are  for  daylight  vision,  and  they  do  detect  color. 

You  have  probably  noticed  that  it  is  difficult  to  see  in 
dim  light  right  after  being  in  normal  light  as  when  entering 
a  movie  theatre  in  the  afternoon.  This  is  because  the  rods 
contain  a  pigment  that  is  bleached  out  in  bright  light.  Be¬ 
fore  the  rods  can  function,  this  pigment  has  to  be  replaced. 
The  pigment  replacement  is  what  is  occurring  as  your  eyes 
become  “used  to  the  dark.” 


37—19  Our  main  mechanoreceptors:  the  ears 

The  ears  detect  sound,  which  is  the  vibration  of  air.  The 
ear  itself  is  divided  into  three  parts,  each  with  a  unique 
structure  and  function.  The  external  ear  consists  of 
three  parts.  The  auricle  (or'a  ksl),  the  part  that  you  see 
and  call  the  ear,  collects  some  sound  waves.  However,  it  is 
not  known  exactly  how  much  it  aids  in  the  hearing  pro¬ 
cess.  The  second  part  of  the  external  ear  is  the  auditory 
(o'ds  tor  e)  canal,  which  leads  to  the  eardrum,  or 
tympanic  (tim  pan'ik)  membrane.  Sound  travels  down 
the  auditory  canal  and  causes  the  tympanic  membrane  to 
vibrate.  Also  in  the  auditory  canal  are  glands  that  produce 
earwax,  which  helps  to  prevent  the  growth  of  micro¬ 
organisms. 

Just  beyond  the  tympanic  membrane  is  the  middle 
ear.  It  is  a  cavity  in  the  bone  of  the  skull  in  which  three 
tiny  little  bones  are  linked  together.  The  bones  are  called 
the  hammer,  anvil  (an'vol),  and  stirrup  (ster'ap).  The 
hammer  is  linked  to  the  tympanic  membrane,  and  vibra¬ 
tions  spread  through  the  three  bones.  However,  the 
strength  of  the  vibrations  is  magnified  about  22  times  as 
they  travel  through  the  three  bones.  Also  opening  into  the 
middle  ear  is  a  tube  that  links  it  with  the  upper  pharynx. 
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FIGURE  37-13  The  structures  of  the  ear  are  involved  in  the  detection  of 
sounds  and  in  the  maintenance  of  body  equilibrium. 


This  tube,  called  the  Eustachian  (yii  sta'ke  an)  tube,  al¬ 
lows  the  air  pressure  in  the  middle  ear  to  remain  equal  to 
that  on  the  outside  of  the  tympanic  membrane.  Unfortu¬ 
nately  the  Eustachian  tube  also  can  allow  disease  bacteria 
to  get  into  the  middle  ear.  Such  bacteria  can  cause  trouble¬ 
some  infections  and  earaches. 

The  third  part  of  the  ear  is  the  inner  ear,  which  is  a 
winding  set  of  cavities  in  the  skull  bone.  One  of  the  wind¬ 
ing  cavities  is  called  the  cochlea  (kok'le  a)  and  looks  like 
a  snail  shell.  The  cochlea  contains  liquid-filled  tubes,  some 
of  which  are  lined  with  sensory  hairs.  The  stirrup,  the  last 
of  the  three  bones  in  the  middle  ear,  vibrates  against  a 
membrane  in  the  inner  ear.  The  vibrations  of  this  mem¬ 
brane  cause  movement  of  the  liquid  in  the  cochlea.  The 
sensory  hairs  respond  according  to  the  different  frequen¬ 
cies  of  vibration,  and  nerve  impulses  are  sent  out  through 
the  auditory  nerve  to  the  brain. 

Also  in  the  inner  ear  are  three  liquid-filled  semi¬ 
circular  (sem  e  ser'  kyo  br)  canals,  which  have  nothing 
to  do  with  the  sense  of  hearing.  The  three  semicircular 
canals  are  arranged  at  right  angles  to  each  other.  Also,  they 
are  lined  with  sensory  hairs.  As  the  head  moves,  the  hairs 
are  stimulated  and  impulses  are  sent  to  the  brain.  The  in¬ 
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formation  from  the  semicircular  canals  allows  the  brain  to 
send  out  motor  impulses  to  the  muscles.  In  turn,  this  infor¬ 
mation  allows  the  muscles  to  keep  our  body  balance,  or 
equilibrium  (e  kwa  lib're  am).  Motion  sickness  and  diz¬ 
ziness  from  an  exercise  such  as  whirling  are  caused  by  ab¬ 
normal  responses  of  the  semicircular  canals  to  this  strange 
motion.  Training  for  a  period  of  time— as  by  a  sailor  on  a 
ship  or  an  ice  skater  doing  routine  whirls— can  condition 
the  canals  and  prevent  motion  sickness  or  dizziness. 


The  structure  of  the  brain  in  representatives  of  the  five  classes  of 
vertebrates— fish,  amphibian,  reptile,  bird,  and  mammal— is  shown 
below. 
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CHECK  YOUR  FACTS 


1.  What  is  a  receptor? 

2.  What  are  the  five  general  types  of  receptors  found  in 
humans? 

3.  What  receptors  are  found  in  the  skin?  Are  they  evenly 
distributed? 

4.  What  are  the  four  categories  of  taste? 


SUMMARY 

The  nervous  system  receives  and  interprets  information  from 
the  environment  and  stimulates  a  proper  response.  The  struc¬ 
ture  of  the  neuron  enables  it  to  transmit  electrical  nerve  im¬ 
pulses  from  the  dendrites  through  the  cell  body  and  then 
through  the  axon.  Axons  are  protected  by  forming  bundles 
called  nerves.  The  brain  and  spinal  cord  are  called  the  central 
nervous  system.  The  peripheral  nervous  system  includes  all 
other  nerves. 


REVIEW  QUESTIONS 

1.  Describe  the  structural  unit  of  the  nervous  system. 

2.  List  four  ways  that  nervous  tissue  is  protected. 

3.  Trace  the  path  of  the  nerve  impulse  in  the  knee-jerk 
reflex. 

4.  What  are  autonomic  nerves?  How  do  they  control  the 
heart  rate? 

5.  Name  five  parts  of  the  cerebrum  and  a  function  of  each. 

6.  Describe  the  processes  that  allow  an  electrical  impulse 
to  travel  from  one  neuron  to  the  next. 

7.  What  mechanism  helps  keep  infectious  organisms  from 
growing  in  the  ear?  How  do  most  ear  infections  occur? 

8.  What  three  structures  lie  between  the  tympanic  mem¬ 
brane  and  the  membrane  of  the  inner  ear?  What  function 
do  they  serve? 

9.  What  are  the  three  coats  of  the  eye?  How  is  the  eye  di¬ 
vided  into  two  chambers? 

10.  How  does  the  crystalline  lens  focus  an  image? 


ANALYSIS  AND  APPLICATION 

1.  How  does  the  brain  learn  that  the  liquid  you  have  just 
poured  into  your  mouth  is  unsweetened  lemon  juice? 

2.  Some  of  the  sounds  that  we  hear  are  not  directly  trans¬ 
mitted  from  the  outer  ear  through  the  tympanic  mem¬ 
brane.  Can  you  name  some? 
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The  Skeletal  System 

38—1  Bone  tissue  The  skeletal  system  is  made  up  of 
three  kinds  of  tissues:  bone,  cartilage,  and  connective  tissue. 

Bone  tissue  is  different  from  most  other  tissues.  Bone  is 
the  hardest  of  all  the  tissues.  Bone  consists  of  more  cell 
products  than  cells.  Cells  make  bone  by  secreting  calcium 
and  phosphorous  compounds  that  harden  into  a  mineral. 
The  photograph  shows  a  cross  section  of  bone  as  seen 
through  a  light  microscope.  In  the  preparation  of  the  bone 
cross  section,  the  bone  cells,  or  osteocytes  (os'te  3  sltz), 
were  destroyed.  But  the  cavity  where  they  were  living  re¬ 
mains.  You  can  see  that  the  cells  had  many  branches.  Note 
the  canals  and  rings  of  mineral.  The  canals  were  the  routes 
for  arteries,  veins,  and  nerves,  which  nourished  and  con¬ 
trolled  the  osteocytes.  The  rings  show  that  the  bone  min¬ 
eral  was  laid  down  in  layers.  They  are  like  tree  rings, 
which  are  laid  down  as  the  tree  grows  larger  in  diameter. 

There  are  two  basic  kinds  of  bone  tissue.  One  is  called 
compact  bone  because  it  is  very  hard  and  dense.  Com¬ 
pact  bone  forms  the  outside  layer  of  most  bones  of  the 
skeletal  system.  The  other  type  of  bone  tissue  is  called 
spongy  bone.  Spongy  bone  has  larger  pores,  is  much 
lighter  in  weight,  and  has  somewhat  the  same  structure  as 
a  sponge.  Spongy  bone  is  found  in  the  interior  of  most 
bones. 

38—2  Cartilage  tissue  Cartilage  (kar'ta  lij)  is  a 
softer,  more  flexible  tissue  than  bone.  It  forms  most  of  the 
skeleton  in  the  unborn  child.  From  the  time  of  birth  to  the 


A  cross  section  of  compact  bone 
is  shown  below.  The  rings  of 
mineral  material  were  laid  down 
by  the  bone  cells,  or  osteocytes. 
The  larger  spaces  contained 
blood  vessels  and  nerves. 
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Long  collagen  fibers  can  be  seen  at  the  top  center  of  the  photograph 
above.  Collagen  is  found  in  several  types  of  connective  tissue. 


late  teens  most  of  the  cartilage  is  in  the  process  of  being  re¬ 
placed  by  bone. 

Cartilage  tissue  is  mostly  noncellular  tissue,  like  bone. 
The  noncellular  part  of  the  tissue  consists  of  collagen 
(kol'a  jsn)  fibers,  which  are  tough  bands  of  protein  and 
solid  but  flexible  material  that  is  blue-white  in  color.  Carti¬ 
lage  is  the  gristle  that  you  find  at  the  end  of  a  fried  chicken 
drumstick. 

In  the  adult  skeleton,  cartilage  is  found  in  the  nose  and 
ears.  It  is  also  found  in  many  joints,  the  regions  where 
bones  come  together.  A  strong  type  of  cartilage,  with  many 
collagen  fibers,  is  found  in  the  intervertebral  (in  tar 
ver'ts  brol)  discs.  These  discs  are  the  cushioning  pads  be¬ 
tween  the  vertebrae.  The  cartilage  in  the  ear  has  many 
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FIGURE  38- 1  Cartilage  tissue  consists  of  cartilage  cells  interspersed 
throughout  a  flexible  matrix. 


elastic  fibers  that  give  the  ear  much  more  flexibility  than 
the  cartilage  in  the  nose. 

38—3  Connective  tissue  Connective  tissue  is  found 
throughout  the  body.  The  main  cells  in  connective  tissue 
are  fibroblasts  (fT'bra  blasts).  Their  chief  product  is 
collagen,  which  is  formed  into  strong  protein  fibers.  In  the 
skeletal  system  the  collagen  fibers  are  arranged  in  dense, 


FEMUR 


FIGURE  38-2 

Ligaments  are  composed  mainly 
of  collagen  fibers.  Ligaments  join 
bones  together. 
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The  skeletal  system  provides  support  for  the  body  and  protection  for 
internal  organs. 


parallel  bundles,  in  structures  called  ligaments  (lig'a 
mants).  The  ligaments  hold  the  bones  together  and  are 
very  strong.  In  football,  ligaments  are  sometimes  stretched 
or  torn  loose  from  their  attachment  to  a  bone.  However,  a 
ligament  is  rarely  broken,  except  in  very  severe  injuries. 

38—4  Functions  of  the  skeletal  system  The 

skeletal  system  has  many  functions.  One  function  is  to  pro¬ 
vide  support  for  the  body.  Without  the  skeleton  our  mus¬ 
cles  and  other  organs  would  collapse.  Another  function  of 
the  skeleton  is  the  protection  of  vital  organs.  The  skull 
bones  protect  the  brain.  The  vertebrae  protect  the  spinal 
cord.  The  ribs  protect  the  lungs  and  the  heart.  A  third 
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FIGURE  38-3  Some  of  the  important  bones  of  the  human  skeletal 
system  are  identified  in  this  illustration. 
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FIGURE  38-4 

The  vertebral  column  is  made  up 
of  24  interconnected  vertebrae. 
The  vertebral  column  protects  the 
spinal  cord. 


function  of  the  skeleton  is  to  assist  in  locomotion,  the 
movement  of  the  body  and  its  parts.  In  the  function  of  lo¬ 
comotion  the  skeleton  works  as  a  team  with  the  muscular 
system.  In  the  spongy  bone,  blood  cells  are  manufactured 
in  the  red  marrow,  which  fills  most  of  the  pores. 

38—5  Structure  of  the  skeletal  system  The 

skeletal  system  is  usually  divided  into  two  parts.  One  part, 
the  axial  (ak'se  al)  skeleton,  forms  the  vertical  axis  of 
the  body  and  consists  of  the  skull,  vertebrae,  and  bones  of 
the  thorax.  The  other  part,  the  appendicular  (ap  an 
dik'ya  tar)  skeleton,  includes  the  appendages  (arms  and 
legs)  and  their  girdles.  The  girdles  are  the  bones  that  the 
appendages  attach  to.  The  arms  attach  to  the  pectoral 
(pek'tar  si)  girdle,  which  includes  the  bones  of  the 
shoulder.  The  legs  attach  to  the  pelvic  (pel'vik)  girdle, 
which  includes  the  bones  of  the  hip. 

38—6  Bones  of  the  axial  skeleton  The  skull  con¬ 
sists  of  28  bones.  All  but  one  of  the  skull  bones  are  linked 
together  into  immovable  joints.  The  junction  between 
such  bones  is  called  a  suture  (su'chsr).  Usually  the  su¬ 
ture  is  irregular  in  shape.  The  one  movable  bone  of  the 
skull  is  the  lower  jaw,  or  mandible  (man'ds  bsl),  which 
is  used  in  chewing  food.  In  the  skull  of  a  newborn  baby 
there  are  six  fontanels  (fon  ts  nels'),  usually  called  soft 
spots,  where  bone  has  not  yet  formed.  These  spaces  allow 
the  skull  to  become  deformed  during  the  birth  process, 
and  they  are  normally  filled  in  at  the  end  of  two  years. 

The  backbone,  or  vertebral  (ver'ta  brsl)  column,  is 
made  up  of  24  separate  vertebrae.  The  vertebral  column  is 
the  only  support  for  the  upper  part  of  the  body.  It  must  be 
flexible,  yet  strong  enough  to  protect  the  delicate  spinal 
cord  that  travels  most  of  its  length. 

There  are  four  separate  regions  in  the  vertebral  column. 
The  cervical  (ser'va  ksl)  vertebrae  (7)  form  the  neck 
region.  The  thoracic  (tho  ras'ik)  vertebrae  (12)  attach 
to  the  ribs  and  form  the  thorax.  The  lumbar  (lum'bor) 
vertebrae  (5)  are  in  between  the  thorax  and  the  pelvic 
girdle  and  make  up  what  is  called  the  “small  of  the  back.” 
The  fourth  region  of  the  vertebral  column  is  made  up  of 
two  bones  that  are  fused  vertebrae.  These  two  bones,  the 
sacrum  (sa'kram)  and  the  coccyx  (kok'siks),  form  the 
bottom  of  the  vertebral  column  and  join  it  to  the  pelvic 
girdle. 

There  are  12  pairs  of  ribs  that  form  most  of  the  thorax. 
The  upper  7  pairs  attach  to  the  thoracic  vertebrae  at  the 
back  and  to  the  breastbone,  or  sternum  (ster'nsm),  in 
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FIGURE  38-5 

Some  of  the  bones  of  the  human 
skull  and  face  are  identified  in  this 
figure. 


38—7  Bones  of  the  appendicular  skeleton  The 

main  bones  of  the  arms  and  legs  are  called  the  long  bones 
of  the  skeleton.  The  long  bones  are  mostly  responsible  for 
body  action  and  movement.  The  hands  and  feet  are  at  the 
ends  of  the  long  bones.  They  are  made  up  of  numerous 
small  bones  that  allow  for  great  flexibility. 


the  front.  The  next  3  pairs  attach  to  the  thoracic  vertebrae, 
but  not  directly  to  the  sternum.  Instead,  they  attach  to 
other  ribs.  The  bottom  2  pairs  of  ribs  are  unattached  at  the 
front  and  are  called  floating  ribs. 


FIGURE  38-6  The  pelvic  girdles  in  a  human  male  and  a  human  female 
are  compared  in  the  illustration  below. 
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FIGURE  38-7 

The  elbow  is  an  example  of  a 
hinge  joint.  The  shoulder  is  an 
example  of  a  ball-and-socket 
joint. 


The  pectoral  girdle  is  composed  of  the  collar  bone,  or 
clavicle  (klav'a  kal),  and  the  shoulder  blade,  or  scapula 
(skap'ya  Id).  The  arrangement  of  the  two  pectoral  bones 
allows  free  movement  of  the  shoulder,  even  when  the 
arms  are  held  at  the  sides  of  the  body. 

The  pelvic  girdle  is  a  solid  structure,  made  up  of  three 
different  bones  that  are  fused  together:  the  ilium  (il'e 
am),  ischium  (is'ke  am),  and  pubis  (pyii'bis).  The  pel¬ 
vic  girdle  provides  a  large,  solid  region  where  the  pow¬ 
erful  muscles  that  move  the  upper  legs  can  attach.  Its 
shape  allows  room  for  the  abdominal  organs.  In  the  female 
it  is  broader  and  has  a  larger  central  opening  to  allow  for 
childbearing  and  birth. 


38—8  Joints  There  are  three  basic  kinds  of  joints. 
One,  called  the  fibrous  (fi'brDs)  joint,  is  the  type  found 
in  the  skull.  In  the  fibrous  joint  the  bones  are  united  by 
strong  fibrous  connective  tissue,  and  most  fibrous  joints 
are  immovable. 

A  second  type  of  joint  is  the  cartilagenous  (kar  tD  laj'a 
nss)  joint,  which  is  made  up  of  cartilage.  All  the  joints  be¬ 
tween  the  ribs  and  the  sternum  are  cartilagenous  joints. 
Cartilage  also  forms  the  joint  between  the  lower  ends  of 
the  pelvic  bones. 

The  third  type  of  joint  is  the  synovial  (si  no've  dI) 
joint.  The  synovial  joint  has  a  joint  cavity  and  a  fluid 
called  synovial  fluid  that  serves  as  a  lubricant.  The  synovial 
joints  are  movable.  Some  glide  like  the  hand  bones  or 
hinge  like  the  elbow  and  knee.  Other  joints  pivot  like  the 
skull  and  first  vertebrae  or  rotate  like  the  ball-and-socket 
joints  of  the  upper  arm  and  leg. 

38—9  Fractures  A  bone  break  is  called  a  fracture 

(frak'chDr).  If  the  bone  is  broken  but  its  edges  have  not 
broken  through  the  skin,  it  is  called  a  simple  fracture. 
If  the  broken  bone  has  pierced  the  skin,  it  is  called  a  com¬ 
pound  fracture.  A  fracture  common  in  young  people 
occurs  when  their  more  flexible  bones  bend  and  break, 
causing  a  greenstick  fracture. 

Fractures  heal  much  more  slowly  than  injuries  to  other 
tissues,  such  as  the  skin  or  muscles.  There  are  two  reasons 
for  this  slowness.  First,  the  process  of  bone  making— the 
laying  down  of  mineral  deposits  by  bone  cells— is  a  slow 
process,  when  compared  to  other  body  processes.  In  addi¬ 
tion,  the  blood  supply  to  the  bones  is  limited.  This  means 
that  the  bone  cells  do  not  get  the  good  service  received  by 
most  other  cells  of  the  body. 
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FIGURE  38-8  The  three  types  of  fractures— simple,  compound,  and 
greenstick— are  illustrated  in  the  figure  above. 


CHECK  YOUR  FACTS 

1.  What  three  basic  kinds  of  tissue  make  up  the  skeletal 
system? 

2.  Compare  the  structure  and  location  of  compact  bone  and 
spongy  bone. 

3.  What  makes  cartilage  tissue  tough?  When  is  the  most  carti¬ 
lage  present? 

4.  What  are  intervertebral  discs? 

5.  What  are  fibroblasts?  What  do  they  produce? 

6.  What  are  ligaments? 


The  Muscular  System 

38-10  Skeletal  muscles  A  true  description  of  the 
muscular  system  should  include  all  three  types  of  muscles 
in  the  human  body.  One  type  is  smooth  muscle,  which  is 
found  in  the  internal  organs  and  is  involuntary,  or  not  un¬ 
der  our  conscious  control.  The  second  type  is  cardiac 
muscle,  found  only  in  the  heart. 

Usually  the  term  muscular  system  is  meant  to  describe 
just  one  type  of  muscle.  This  is  the  muscle  called  skeletal 
muscle,  which  is  mostly  attached  to  the  skeleton  and  is 
under  our  conscious,  or  voluntary,  control. 
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FIGURE  38- 10 

The  structure  of  skeletal  muscle  is 
shown  in  increasing  detail  in  this 
figure.  The  fine  structure  was 
determined  with  the  use  of  the 
electron  microscope. 
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38—11  Skeletal  muscle  tissue  Skeletal  muscle  tis¬ 
sue  has  an  unusual  structure.  It  is  made  up  of  long  bundles 
of  fibers,  which  are  a  unique  type  of  multinucleate  (many 
nuclei)  cell.  Under  the  light  microscope,  stripes,  or  stria- 
tions,  can  be  seen  running  across  the  fibers.  For  this  rea¬ 
son,  skeletal  muscle  is  also  called  striated  muscle. 

Only  after  studies  with  the  electron  microscope  was  the 
true  structure  of  skeletal  muscle  tissue  discovered.  The 
electron  microscope  showed  that  each  fiber  is  made  up  of 
bundles  of  smaller  threadlike  bodies  called  myofibrils 
(ml  a  fi'brsls).  Moreover,  further  studies  of  the  myofibrils 
showed  that  they,  in  turn,  were  made  up  of  two  different¬ 
sized  filaments.  The  thinner  filaments  are  composed  of  the 
protein  actin  (ak'tin).  The  thicker  filaments  are  composed 
of  another  protein,  called  myosin  (ml'a  sin). 

38—12  The  motor  nerve  impulse  and  muscle 
contraction  Skeletal  muscles  contract  as  the  result  of 
direct  nerve  impulses  from  motor  nerves.  The  ends  of  a 
motor  nerve  are  arranged  over  the  membrane,  or  sarco- 
lemma  (sar  ko  lem'a),  of  the  muscle  fiber.  When  a  nerve 
impulse  reaches  the  ends  of  the  motor  nerve,  the  trans¬ 
mitter  acetylcholine  is  released.  Like  a  neuron,  the  outside 
of  the  sarcolemma  is  more  positively  charged  than  the  in¬ 
side.  The  acetylcholine  causes  the  sarcolemma  to  depolar¬ 
ize.  This  depolarization  triggers  a  chain  of  events  that 
causes  the  muscle  fiber  to  contract,  or  get  shorter. 

Inside  the  fiber,  along  with  the  myofibrils,  are  scattered 
nuclei,  mitochondria,  and  a  network  of  sacs  and  tubules. 


FIGURE  38-9 

The  release  of  a  chemical  transmitter  from  the  axon  of  a  motor  nerve  cell 
results  in  the  contraction  of  the  muscle  fiber. 
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FIGURE  38- 1 1  The  actions  of  the  biceps  muscle  and  the  triceps  muscle 
in  flexing  and  extending  the  lower  arm  are  shown  in  this  figure. 


Part  of  the  network  is  like  the  endoplasmic  reticulum  of 
other  cells,  but  it  is  called  the  sarcoplasmic  (sar  ko 
plaz'mik)  reticulum.  Other  tubules,  called  T  tubules, 
connect  with  the  sarcoplasmic  reticulum  and  with  the  sar¬ 
colemma,  the  outside  membrane. 

A  simplified  explanation  of  the  events  that  cause  muscle 
contraction  is  as  follows:  The  depolarization  stimulates  the 
T  tubules,  which,  in  turn,  stimulate  the  sarcoplasmic  retic¬ 
ulum  to  release  calcium  ions  (Ca++)  near  the  myofibrils. 
The  calcium  ions  actually  start  the  contraction  process. 
They  stimulate  the  thin  fibers,  or  actin,  to  slide  toward 
each  other  and  toward  the  thick  fibers,  or  myosin.  The  de¬ 
polarization  stimulates  the  breakdown  of  ATP,  which  pro¬ 
vides  the  energy  for  the  contraction.  After  the  contraction 
the  calcium  ions  recombine  with  the  sarcoplasmic  retic¬ 
ulum,  and  the  actin  fibers  return  to  their  normal  position. 
When  this  happens  the  muscle  fiber  relaxes. 

38—13  The  work  of  muscles  Skeletal  muscles  are 
attached  to  bones  by  tough  bands  of  connective  tissue 
called  tendons  (ten'dsns).  Like  ligaments,  which  attach 
bones  to  bones,  the  tendons  are  very  strong.  In  injuries 
they  may  be  pulled  away  from  bones,  or  the  bone  may  be 
broken.  Rarely  is  a  tendon  pulled  apart  in  an  injury. 

Muscles  usually  do  their  work  by  contracting,  or  pulling 
on  tendons,  which,  in  turn,  pull  on  bones.  Also,  muscles 
that  move  a  bone  are  usually  attached  to  some  other  bone. 
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A  good  example  to  illustrate  these  facts  is  the  biceps 
muscle  of  the  upper  arm.  This  muscle  lies  over  the  bone  of 
the  upper  arm.  But  its  function  is  to  raise  the  lower  arm.  It 
does  its  work  through  tendons  that  are  anchored  on  the 
lower  arm  bones.  When  the  biceps  muscle  contracts,  the 
tendons  raise  the  lower  arm. 

Another  fact  about  muscles  is  that  they  normally  work  in 
pairs  and  in  a  coordinated  manner.  We  mentioned  the  bi¬ 
ceps  muscle  that  raises  the  lower  arm.  On  the  opposite 
side  of  the  upper  arm  is  the  triceps  muscle  that  must  relax 
before  the  biceps  muscle  can  do  its  work.  The  opposite 
must  occur  when  the  lower  arm  is  straightened.  The  tri¬ 
ceps  muscle  must  contract  and  the  biceps  muscle  must  re¬ 
lax.  The  cerebellum  coordinates  the  motor  impulses  to  the 
different  muscle  fibers,  so  that  the  muscles  react  smoothly. 

38—14  Muscle  terms  Several  terms  are  used  to  de¬ 
scribe  muscle  locations  and  functions.  The  origin  of  a 
muscle  is  the  end  of  the  muscle  that  is  attached  closer  to 
the  central  axis  of  the  body.  Also  it  is  the  part  of  the  muscle 
that  moves  the  least  when  the  muscle  contracts.  The  origin 
of  the  biceps  muscle  is  on  the  scapula. 

The  insertion  (in  ser  shon)  of  a  muscle  is  the  opposite 
end  from  the  origin  and  the  farthest  from  the  central  axis.  It 
is  the  part  that  moves  the  most.  The  insertion  of  the  biceps 
muscle  is  on  the  lower  arm’s  bones— the  radius  and  the 
ulna. 

The  actual  muscle,  between  the  tendons  of  origin  and  of 
insertion,  is  called  the  belly  of  the  muscle.  But  some  mus¬ 
cles  have  the  belly  split  into  two  or  more  parts.  The  biceps 
muscle  has  two  parts;  the  triceps  muscle  has  three.  A  large 
muscle  on  the  upper  leg,  called  the  quadriceps  femoris,  is 
made  up  of  four  parts.  Most  muscles  have  been  given 
names  that  describe  their  position,  action,  origin,  and 
insertion. 


CHECK  YOUR  FACTS 


1.  What  three  types  of  muscles  are  there?  For  each  type, 
name  one  structure  that  has  that  type. 

2.  What  are  myofibrils?  Of  what  proteins  are  they  made? 

3.  What  is  the  sarcolemma?  What  happens  when  it  contacts 
acetycholine? 

4.  What  two  structures  do  the  T  tubules  connect? 

5.  What  happens  when  the  sarcoplasmic  reticulum  is  stimu¬ 
lated? 

6.  What  happens  after  contraction? 


SUMMARY 


The  three  tissues  of  the  skeletal  system— bone,  cartilage,  and 
connective  tissue— are  all  made  up  mostly  of  cell  products. 
Minerals  in  bone  and  collagen  in  the  others  make  these  tissues 
very  strong.  Most  bones  have  compact  bone  on  the  outside 
and  spongy  bone  in  the  middle.  Cartilage  is  more  flexible  than 
bone  and  is  found  in  joints  and  in  the  intervertebral  discs. 
Connective  tissue  forms  ligaments  and  tendons.  It  is  found 
throughout  the  body.  The  skeletal  system  supports  the  body, 
protects  the  internal  organs,  assists  in  locomotion,  and  manu¬ 
factures  erythrocytes.  Skeletal  muscle  is  used  for  locomotion. 
It  moves  the  bones  of  the  skeleton.  Muscles  normally  work  in 
pairs  and  in  a  coordinated  manner. 

REVIEW  QUESTIONS 

1.  What  is  bone  tissue  made  of'' 

2.  Where  is  cartilage  found  in  the  adult  human? 

3.  Explain  the  difference  between  ligaments  and  tendons. 
Are  they  both  connective  tissue? 

4.  Describe  the  structure  of  the  skull.  How  is  the  skull  of  a 
baby  different  from  that  of  an  adult? 

5.  List  the  name  and  number  of  vertebrae  in  each  region  of 
the  vertebral  column. 

6.  What  bones  make  up  the  pelvic  girdle?  The  pectoral 
girdle?  To  which  skeleton  do  they  belong? 

7.  What  are  movable  joints  called?  Describe  some  types  of 
movement  seen  in  these  joints. 

8.  Distinguish  between  a  simple  and  a  compound  fracture. 
Why  do  bones  heal  more  slowly  than  other  tissues? 

9.  Can  you  explain  what  causes  the  bands  seen  in  skeletal 
muscle  tissue? 

10.  Describe  how  a  -nerve  impulse  causes  a  muscle  to 
contract. 


ANALYSIS  AND  APPLICATION  

1.  When  a  biceps  relaxes  after  being  contracted,  what  is  hap¬ 
pening  to  the  following:  (a)  the  actin  of  the  biceps;  (b) 
the  position  of  your  hand;  (c)  the  calcium  in  the  sarco¬ 
plasmic  reticulum  of  the  biceps? 

2.  What  advantage  is  it  for  the  unborn  baby  to  have  cartilage 
instead  of  a  completely  bony  skull? 

3.  What  are  the  two  most  abundant  cell  products  found  in 
the  skeletal  system?  Which  one  is  also  found  in  the  muscu¬ 
lar  system? 
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Male  and  Female  Systems 


39—1  The  male  reproductive  system  The  male 
reproductive  system  has  two  main  functions.  One  is  to  pro¬ 
duce  the  male  gametes,  which  are  called  spermatozoa 
(sper  ma  ts  zb's),  or  sperm.  The  second  function  is  to  pro¬ 
duce  the  hormones  necessary  to  make  the  reproductive 
system  work  and  to  give  the  male  his  distinctive  physical 
characteristics.  The  testes  (sing,  testis )  are  the  organs  that 
produce  the  sperm.  In  addition,  the  testes  also  produce  the 
male  hormones. 

The  sperm  are  produced  in  small  tubules  inside  the 
testes.  From  these  tubules  the  sperm  collect  in  the 
epididymis  (ep's  did's  mis),  which  is  a  coiled  tube 
about  6  meters  long.  From  there  they  are  stored  in  a  tube, 
the  vas  deferens  (vas  def's  renz).  Connected  to  the  vas 
deferens  are  two  glands,  the  seminal  (sem's  nsl)  vesicle 
and  the  prostate  (pros'tat).  They  contribute  a  liquid 
called  semen  (se'msn)  to  the  sperm.  Semen  provides  food 
and  the  proper  environment  for  survival  of  the  sperm. 
About  400  million  sperm  are  released  through  the  penis 
(pe'nis)  into  the  vagina  (vs  jl'ns)  of  the  female  reproduc¬ 
tive  system.  The  sperm  swim  upward  and  can  survive  for 
one  or  two  days. 

39—2  Hormones  of  the  male  reproductive  sys¬ 
tem  The  male  reproductive  system  begins  to  mature  at 
the  approximate  age  of  13,  at  a  time  called  puberty 
(pyii'bsr  te).  Puberty'  is  started  by  hormones  from  the 
anterior  lobe  of  the  pituitary  gland.  One  hormone, 


Sperm  cells  are  the  reproductive 
cells  of  the  male.  They  are 
produced  in  the  testes. 
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FIGURE  39-1 

The  structures  of  the  male 
reproductive  system  are  shown  in 
the  illustration  at  right.  The  testes 
produce  sex  hormones  as  well  as 
sperm. 
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follicle-stimulating  hormone,  or  FSH,  stimulates 
the  development  of  the  tubules  in  the  testes  and  the  manu¬ 
facture  of  sperm.  Another  hormone  from  the  anterior  pitui¬ 
tary,  interstitial  cell-stimulating  hormone,  or 
ICSH,  stimulates  the  nontubule  cells  of  the  testes,  called 
interstitial  (in  tor  stish'ol)  cells.  The  interstitial  cells 
produce  male  hormones,  the  most  important  being  tes¬ 
tosterone  (tes  tos'to  ron). 

Testosterone  is  mostly  responsible  for  the  development 
of  the  male  secondary  sex  characteristics.  The  sec¬ 
ondary  sex  characteristics  include  the  lowering  of  the 
voice  and  the  growth  of  a  beard  and  body  hair  in  the  pubic 
region  and  under  the  arms.  These  changes  occur  gradually 
after  the  beginning  of  puberty  and  are  usually  fully  devel¬ 
oped  by  the  age  of  18. 

39—3  The  female  reproductive  system  The  fe¬ 
male  reproductive  system  has  the  same  two  functions  as 
the  male  reproductive  system.  One  is  to  produce  the  gam¬ 
etes,  or  ova  (o'va)  (sing,  ovuyri),  with  which  the  sperm 
unite  in  reproduction.  The  second  function  is  to  produce 
the  hormones  that  make  the  system  work  and  that  cause 
the  female  to  develop  her  distinctive  secondary  sex  charac¬ 
teristics.  However,  the  demands  upon  the  female  repro¬ 
ductive  system  are  more  complex.  The  system  must 
produce  ova,  carry  and  nourish  the  developing  human, 
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FIGURE  39-2 

The  structures  of  the  female 
reproductive  system  are  shown  in 
the  illustration  at  left.  The  ovaries 
produce  eggs  and  sex 
hormones. 


and  be  prepared  to  feed  a  newborn  baby  for  several 
months. 

The  main  organs  of  the  female  reproductive  system  are 
the  two  ovaries,  which  are  almond-shaped  and  about  3  cm 
long.  The  interior  of  each  ovary  is  mostly  made  up  of  con¬ 
nective  tissue.  The  outside  layer  consists  of  cells  that  can 
develop  into  special  structures  known  as  follicles  (fobs 
kalz).  The  ova  develop  in  the  follicles. 

39—4  Hormones  that  stimulate  follicle  devel¬ 
opment  The  same  two  anterior  pituitary  hormones  that 
stimulate  the  male  reproductive  system  also  stimulate  the 
female  system.  Follicle-stimulating  hormone,  or  FSH,  stim¬ 
ulates  the  growth  of  the  ovaries  and  the  development  of 
the  follicles,  where  the  ova  are  produced.  FSH  also  stimu¬ 
lates  the  ovaries  to  produce  a  hormone  called  estrogen 
(es'tra  jan),  which  has  a  number  of  effects  upon  the  female 
body. 

The  hormone  called  interstitial  cell-stimulating  hormone 
(ICSH)  in  the  male  is  called  luteinizing  (lii'te  an  T  zeng) 
hormone,  or  LH,  in  the  female.  LH  also  stimulates  the  de¬ 
velopment  of  the  follicles  and  the  production  of  estrogen 
by  the  ovaries.  In  addition,  LH  stimulates  the  ovaries  to 
produce  a  second  hormone  called  progesterone  (pro 
jes'  ta  ron).  Estrogen  and  progesterone  have  very  impor¬ 
tant  roles  in  the  reproductive  process. 


A  section  of  an  ovary  is  shown 
below.  FSH  and  LH  from  the 
pituitary  stimulate  follicle 
development  and  the  production 
of  sex  hormones. 
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CHECK  YOUR  FACTS 


1.  What  are  the  two  functions  of  the  male  reproductive 
system? 

2.  What  organ  achieves  the  functions  that  are  listed  in  the 
question  above? 

3.  What  are  the  functions  of  the  epididymis  and  the  vas 
deferens? 

4.  Where  is  semen  produced?  What  purpose  does  it  serve? 

5.  What  are  the  effects  of  FSH  and  ICSH?  What  does  tes¬ 
tosterone  do? 


The  Menstrual  Cycle, 

Pregnancy,  and  Birth 

39—5  The  menstrual  cycle  Ova  are  released  from 
the  ovaries  and  reproduction  can  occur  during  a  28-day 
cycle  called  the  menstrual  (men'stru  al)  cycle.  The 
menstrual  cycle  involves  all  the  hormones  that  have  been 
discussed  and  two  other  organs  of  the  reproductive  sys¬ 
tem,  the  Fallopian  (fa  lo'pe  on)  tubes  and  the  uterus 
(yii'tar  os).  The  events  of  the  menstrual  cycle  are 
diagramed  in  Figure  39-3.  It  will  help  to  refer  to  this  dia¬ 
gram  as  the  details  of  the  cycle  are  discussed. 

Puberty  and  sexual  maturity  can  begin  in  the  female  any¬ 
time  between  the  age  of  10  and  the  midteens.  At  this  time 
one  of  the  follicles  normally  matures,  or  ripens,  during 
every  28-day  cycle.  During  the  ripening  process  the  fol¬ 
licle  fills  with  a  liquid  and  swells,  and  the  ovum  grows  and 
moves  toward  the  surface  of  the  ovary.  The  ripening  pro¬ 
cess  occurs  during  the  first  half  of  the  28-day  cycle.  About 
halfway  through  the  cycle  the  follicle  ruptures  and  the 
ovum  is  released,  a  process  called  ovulation  (o  vya 
la'shan).  The  ovum  falls  into  the  funnellike  opening  of  the 
Fallopian  tube.  In  the  Fallopian  tube  there  is  about  a  24-h 
period  when  the  ovum  can  be  penetrated  by  a  sperm.  This 
is  the  process  of  fertilization. 

39—6  Control  of  the  menstrual  cycle  Hormones 
are  in  direct  control  of  all  the  events  of  the  menstrual 
cycle.  The  pituitary  hormones,  FSH  and  LH,  stimulate  de¬ 
velopment  of  the  follicle  and  the  ovum.  As  this  is  occur¬ 
ring,  estrogen  from  the  ovaries  causes  the  inner  lining  of 
the  uterus  to  thicken  and  to  increase  its  blood  supply.  After 
ovulation  the  follicle  heals  and  changes  into  a  yellowish 
body  called  the  corpus  luteum  (kor'pas  lii'te  am).  The 
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FIGURE  39-3 

The  events  occurring  during  the  menstrual  cycle,  including  changes  in 
hormone  levels,  are  depicted  above. 


corpus  luteum  produces  the  hormone  progesterone, 
which  accelerates  the  development  of  the  uterine  lining.  If 
fertilization  has  occurred,  the  lining  of  the  uterus  is  ready 
to  receive  the  newly  developing  embryo  (em'bre  o) 
within  a  few  days  after  ovulation. 

If  fertilization  has  not  occurred,  the  uterine  lining  breaks 
down  and  is  discharged  through  the  vagina.  This  discharge 
is  mainly  a  mixture  of  blood  and  dead  cells.  It  is  released 
over  a  4-  to  5-day  period  called  the  menstrual  period. 

39—7  Timing  the  events  of  the  menstrual 
cycle  Now,  follow  our  discussion  of  the  timing  of  the 
menstrual  cycle  with  the  diagram  in  Figure  39-3-  If  fertili- 


zation  has  not  occurred,  the  first  4  or  5  days  of  the  cycle  is 
the  time  of  the  menstrual  period.  During  this  time  the  fol¬ 
licle  is  starting  to  ripen  in  the  ovary.  About  the  seventh  day 
there  is  an  increase  in  the  production  of  estrogen,  which 
stimulates  a  thickening  of  the  uterine  lining.  Ovulation  oc¬ 
curs  about  the  fourteenth  day. 

After  ovulation  the  corpus  luteum  begins  a  heavy  secre¬ 
tion  of  progesterone  that  further  stimulates  the  devel¬ 
opment  of  the  uterine  lining.  On  the  last  day  of  the  cycle,  if 
an  embryo  has  not  reached  the  uterus,  progesterone  secre¬ 
tion  suddenly  drops.  The  uterine  lining  is  shed,  and  this 
menstrual  period  begins  the  second  28-day  cycle. 

39—8  Fertilization  and  pregnancy  Fertilization 
normally  occurs  in  the  Fallopian  tube.  Only  one  sperm  can 
enter  the  ovum.  That  sperm  will  immediately  lose  its  tail. 
The  sperm  head,  which  is  primarily  the  DNA  of  23 
chromosomes,  fuses  with  the  nucleus  of  the  ovum.  At  this 
time  the  nucleus  of  the  ovum  also  has  23  chromosomes. 
The  resulting  cell  now  has  the  normal  number  of  46 
chromosomes. 

Mitosis,  or  cell  division,  does  not  begin  immediately. 
About  36  h  pass  before  the  two-cell  stage  is  reached.  After 
2  days  there  are  still  only  eight  cells,  and  after  4  days,  only 
32  to  64  cells.  But  then  mitosis  speeds  up  as  the  embryo 
reaches  the  uterus. 

39—9  Implantation  In  the  uterus  some  of  the  cells 
of  the  embryo  begin  the  process  of  implantation  (im 
plan  ta'shan),  the  process  that  attaches  the  embryo  to  the 
wall  of  the  uterus.  Some  of  the  embryo  cells  begin  to  digest 


Several  sperm  cells  can  be  seen 
near  the  edge  of  the  larger  egg 
cell  in  the  photograph  at  right. 
Only  one  sperm  will  penetrate 
the  egg. 
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part  of  the  uterine  lining.  This  exposes  the  embryo  to  a 
blood  supply  that  nourishes  it. 

Eventually  two  membranes  develop  around  the  embryo. 
The  outer  membrane  fuses  with  the  mucosa  and  forms  a 
placenta  (plo  sen'ts).  The  placenta  is  the  connection  be¬ 
tween  the  bloodstream  of  the  embryo  and  the  mother. 
Food  and  wastes  are  exchanged  across  the  placenta.  The 
inner  membrane  contains  a  fluid  that  cushions  the  embryo 
and  protects  it  from  injury. 

39—10  Hormones  of  the  placenta  During  preg¬ 
nancy  (preg'nan  se),  the  period  in  which  the  embryo 
develops,  the  placenta  also  produces  hormones  that  are 
important  in  maintaining  the  embryo.  The  placenta  pro¬ 
duces  human  chorionic  gonadotrophin  (kor  e  on'ik 
gon  o  da  trof  in),  or  HCG,  which  prevents  the  corpus  lu- 
teum  from  degenerating  for  about  3  months.  This  causes 
the  corpus  luteum  to  continue  producing  progesterone, 
which  is  essential  for  maintaining  the  lining  of  the  uterus. 
Later  the  placenta  takes  over  the  function  of  producing 
progesterone. 

39—11  Stages  of  development  A  24  day-old  hu¬ 
man  embryo  is  only  about  3  mm  long.  But  it  already  has  a 
heart  that  is  beating  and  the  beginnings  of  eyes,  a  spinal 
cord,  lungs,  and  digestive  organs.  At  6  weeks  all  internal 
organs  are  in  some  stage  of  development,  and  the  mouth 
and  lips  have  formed.  After  8  weeks  the  bones  begin  to 
form,  and  at  about  this  time  the  term  fetus  (fe'tas)  is 
used  to  describe  the  developing  human.  At  18  weeks  the 
fetus  is  about  15  cm  long  and  is  almost  completely  devel¬ 
oped. 

During  the  time  of  fetal  development  several  changes  oc¬ 
cur  in  the  female  body.  The  uterus,  which  normally  has  a 
volume  capacity  of  about  3  mL,  enlarges  to  a  capacity  of  5 
to  7  L.  The  weight  of  the  uterus  increases  about  30  times. 
The  mammary  glands,  or  breasts,  also  enlarge.  There  is  a 
total  average  mass  gain  of  about  1 1  kg. 

39—12  The  birth  process  After  about  280  days 
from  the  last  menstrual  period,  the  birth  process  occurs.  In 
this  process  the  smooth  muscles  in  the  wall  of  the  uterus 
begin  a  series  of  rhythmic  contractions  called  labor.  The 
first  labor  usually  breaks  the  membrane  surrounding  the 
fetus,  causing  the  fluid  that  has  been  around  the  fetus  to  be 
released. 

After  the  fluid  loss,  labor  contractions  increase  in  fre¬ 
quency.  The  opening  of  the  uterus,  the  cervix  (ser'viks), 
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FIGURE  39-4 

This  is  the  normal  position  of  the 
human  fetus  in  the  uterus  just 
before  the  onset  of  the  birth 
process. 


begins  to  dilate,  or  get  larger.  Labor  continues  for  a  vari¬ 
able  time,  and  it  is  usually  longer  for  the  firstborn  child. 
Eventually  the  labor  contractions  become  rapid.  Usually 
the  baby’s  head  is  near  the  cervix,  which  causes  the  cervix 
to  dilate  more.  Strong  uterine  contractions,  along  with 
contractions  of  the  abdominal  muscles,  finally  force  the 
baby  out  of  the  uterus  and  through  the  vagina.  A  few  min¬ 
utes  later,  more  contractions  of  the  uterus  expel  the  mem¬ 
branes  and  the  placenta,  which  are  called  the  afterbirth 
(af'tsr  berth). 

39—13  Lactation  Shortly  after  birth,  two  pituitary 
hormones  stimulate  the  breasts  to  begin  the  process  of  lac¬ 
tation  (lak  ta'shan),  or  milk  production.  The  hormone 
prolactin  (pro  lak'tin)  stimulates  the  cells  in  the  breasts 
to  produce  milk.  The  hormone  oxytocin  (ok  si  to'sin) 
stimulates  the  release  of  the  milk  when  the  breasts  are 
suckled  by  the  baby. 

In  recent  years  researchers  and  children’s  physicians 
have  gathered  some  evidence  in  favor  of  breast-feeding 
over  bottle-feeding.  The  protein  in  human  milk  is  easier  to 
digest  than  that  in  cow’s  milk.  The  fat  in  human  milk  is 
also  easier  to  digest;  human  milk  includes  the  enzyme 
lipase  that  helps  digest  the  fat.  Probably  the  most  impor¬ 
tant  advantage  of  human  milk  is  the  protection  it  seems  to 
provide  against  certain  early  childhood  diseases. 
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Art  adaptation  by  Ethel  Gold,  reproduced  with  permission  from  the  BIRTH  ATLAS,  published  and  copyrighted  by 
Maternity  Center  Association.  New  York. 


CHECK  YOUR  FACTS 


1.  Describe  the  follicle  during  the  ripening  process.  When 
does  this  occur? 

2.  What  is  ovulation?  When  does  it  happen? 

3.  What  replaces  the  follicle  after  ovulation?  What  does  it  do? 

4.  What  is  the  effect  of  progesterone  on  the  uterus? 

5.  What  happens  during  the  menstrual  period? 


SUMMARY 

The  male  reproductive  system  produces  sperm  and  hormones 
in  the  testes.  In  females,  ovaries  produce  ova  in  the  follicles. 
Sperm  are  mixed  in  semen  and  passed  through  the  penis  into 
the  vagina  of  the  female.  Puberty  in  males  and  females  is 
initiated  by  hormones  from  the  pituitary.  The  male  hormone 
testosterone  is  mainly  responsible  for  the  development  of  sec¬ 
ondary  sex  characteristics.  The  28-day  menstrual  cycle  is  con¬ 
trolled  by  hormones. 


REVIEW  QUESTIONS 

1.  What  is  puberty?  When  does  it  occur  in  males?  Females? 

2.  Trace  the  path  of  sperm  cells  from  their  production  to 
the  egg. 

3.  What  are  some  secondary  sex  characteristics  of  the  male? 
What  stimulates  their  development? 

4.  Compare  the  effects  of  the  pituitary  hormones  on  the 
male  reproductive  system  with  the  effects  on  the  female 
system. 

5.  What  is  the  role  of  estrogen  in  the  female  reproductive 
system? 

6.  Briefly  outline  the  timing  of  the  events  of  the  menstrual 
cycle. 

7.  When  does  the  corpus  luteum  produce  progesterone? 

8.  What  are  the  functions  of  the  membranes  that  develop 
around  the  embryo  after  implantation? 

9.  How  does  the  placenta  maintain  the  lining  of  the  uterus? 

10.  What  are  some  apparent  advantages  of  breast-feeding 

over  bottle-feeding? 


ANALYSIS  AND  APPLICATION 

1.  Much  has  been  written  in  magazines  and  newspapers 
about  test-tube  babies.  Do  such  babies  really  exist? 

2.  Why  is  bottle-feeding  versus  breast-feeding  of  babies  a 
debatable  issue? 
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and  Tobacco 


The  Use  and  Abuse  of  Drugs 


40—1  Drugs  A  drug  is  a  substance  used  for  the  pre¬ 
vention,  treatment,  or  cure  of  a  disease.  However,  used  un¬ 
wisely  without  a  doctor’s  advice,  drugs  can  harm  the  body. 
According  to  federal  and  provincial  health  and  welfare 
protection  agencies,  drugs  are  divided  into  prescription 
and  non-prescription  drugs,  narcotic  and  controlled  drugs. 
Non-prescription  drugs,  also  called  over-the-counter 
drugs,  can  be  sold  without  a  prescription.  They  are  medi¬ 
cations  that  are  manufactured  for  general  use.  The  other 
drugs  are  used  for  specific  purposes  only  and  their  pre¬ 
scription  and  use  are  strictly  monitored. 

40-2  Sources  of  drugs  Most  drugs  are  synthetic 
compounds  created  in  drug  company  laboratories.  These 
drugs  are  manufactured  from  chemical  elements.  Aspirin, 
sulfa  drugs,  and  sedatives  are  examples  of  drugs  produced 
in  the  laboratory.  Other  drugs  come  from  plants,  animals, 
and  minerals.  For  example,  ground-up  hog  pancreases  are 
used  to  make  insulin. 

40-3  Drug  abusers  Drug  abusers  are  individuals 
who  self-administer  drugs  in  order  to  achieve  a  change  of 
mood  or  behavior  for  any  number  of  reasons.  Drug  abuse 
often  arises  out  of  a  desire  to  escape  problems.  Drugs  may 
be  misused  depending  on  the  amount  taken  and  the  length 
of  time  over  which  they  are  taken.  Some  people  misuse 
drugs  by  either  not  reading  the  directions  or  by  improp¬ 
erly  following  them.  What  constitutes  the  misuse  of  a  drug 
is  often  difficult  to  define.  For  example,  a  misuse  of  a  drug 


The  drug  penicillin,  which  is 
effective  against  many  types  of 
bacterial  infections,  is  produced 
from  a  fungus  called  Penicillium. 
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for  some  individuals  might  be  considered  an  abuse  for 
others. 

40—4  Drug  dependence  Drug  dependence  (di 
pen'dans)  is  the  psychological  and/or  physical  need  for  a 
drug.  The  continued  use  of  many  kinds  of  drugs  results  in 
psychological  (si  ks  loj's  ksl)  dependence.  The  use  of 
the  drug  becomes  habit-forming.  One  becomes  used  to  the 
drug  and  feels  the  psychological  need  for  it  rather  than  the 
physical  need.  Such  individuals  feel  that  they  could  not 
function  without  the  drug.  They  have  become  emotionally 
dependent  on  the  drug. 

Physical  dependence  can  only  occur  with  the  use  of 
certain  drugs,  such  as  depressants  (di  presents).  This 
type  of  dependence  is  referred  to  as  addiction 
(3  dik'shsn).  Physical  dependence  on  a  drug  has  occurred 
if  the  individual  has  built  up  a  tolerance  to  it  and  if  with¬ 
drawal  (wiTH  dro'sl)  symptoms  occur  when  the  drug 
is  taken  away.  Withdrawal  from  a  narcotic  drug  causes 
aching  muscles,  chills,  fever,  stomach  cramps,  and  general 
body  weakness.  In  some  instances  withdrawal  sickness  can 
cause  death. 

40—5  Common  drug  classification  In  this  chap¬ 
ter,  drugs  are  classified  according  to  their  effect  on  the 
body,  with  emphasis  on  the  nervous  system.  We  will  study 
the  narcotic  drugs,  sedative  drugs,  marijuana,  stimulants, 
hallucinogens,  and  volatile  solvents. 

40—6  Narcotic  drugs  Narcotic  (nar  kot'ik) 
drugs  have  a  significant  effect  on  the  central  nervous  sys¬ 
tem.  They  act  mainly  as  depressants,  but  they  can  also  re¬ 
lieve  pain,  coughing,  and  diarrhea.  In  very  large  doses 
narcotics  can  produce  stupor  or  even  death.  If  used  repeat¬ 
edly,  narcotics  may  produce  physiological  as  well  as  psy¬ 
chological  dependence.  Some  individuals  who  take  narcot¬ 
ics  experience  a  feeling  of  well-being,  or  euphoria.  Others 
experience  the  opposite  effect  of  dysphoria,  or  a  feeling  of 
tension,  fear,  and  anxiety. 

40—7  Opiates  The  opiates  (o'pe  ats)  are  narcotic 
drugs  that  are  obtained  from  the  oriental  poppy  plant. 
Opium  (o'pe  3m)  in  crude  form  can  be  taken  orally  or 
smoked.  In  some  countries  smoking  of  opium  has  been 
practiced  for  thousands  of  years.  Morphine  (mor'fen)  is 
a  drug  derived  from  opium.  Morphine  is  about  10  times 
stronger  than  opium.  It  is  used  as  a  pain  killer  and  has  a 
tranquilizing  effect  on  patients.  Drug  abusers  use  mor- 


Opium  is  produced  from  the  poppy  plant.  Morphine  and  heroin  are 
derived  from  opium. 


phine  orally  or  by  injection.  Heroin  (her'o  in)  is  a  drug 
made  from  morphine.  It  is  more  addictive  than  morphine 
and  more  than  20  times  as  strong.  Heroin  is  therefore  the 
most  dangerous  of  the  opiate  drugs.  Its  import  is  outlawed 
in  Canada,  even  for  medicinal  purposes. 

Codeine  (ko'den)  is  another  drug  derived  from  opium. 
However,  it  does  not  have  strong  pain-relieving  effects.  Co¬ 
deine  is  often  used  in  cough  preparations.  It  does  not  pro¬ 
duce  as  strong  a  high  as  the  other  opiate  drugs  and  is  there¬ 
fore  not  usually  abused. 

40—8  Barbiturates  Barbiturates  (bar  bich'a 
rats)  are  synthetic  drugs  that  act  as  general  depressants  or 
sedatives.  They  are  primarily  used  in  medicine  to  induce 
sleep.  However,  barbiturates  can  also  depress  the  central 
nervous  system  to  the  point  that  coma  or  death  may  result. 
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Side  effects  from  taking  barbiturates  include  allergic  reac¬ 
tions,  hangover,  and  pain.  Continued  use  of  most  of  these 
drugs  can  result  in  both  physical  and  psychological  de¬ 
pendence.  Barbiturates  are  a  leading  cause  of  suicide  as 
well  as  death  from  accidental  poisoning.  They  become 
deadly  when  they  are  combined  with  alcohol  in  the  body. 

40—9  Tranquilizers  Tranquilizers  (trang'kwa  IT 
zers)  are  drugs  that  also  depress  the  central  nervous  sys¬ 
tem.  They  are  used  to  calm  individuals  and  relieve  highly 
emotional  states.  Some  of  the  most  widely  used  tranquil¬ 
izers  are  Miltown  and  Librium.  Users  of  tranquilizers  do 
not  become  physically  dependent  on  them,  but  their  con¬ 
tinued  use  can  result  in  psychological  dependence. 

40—10  Marijuana  Marijuana  (mar  3  wa'na)  is  a 
drug  found  in  the  flowering  tops  and  leaves  of  the  female 
Indian  hemp  plant,  Cannabis  sativa.  The  drug  is  made  by 
crushing  or  chopping  the  dried  leaves  and  flowers  into 
small  pieces.  This  green  product  is  then  usually  rolled  in 
short  cigarettes  or  pipes.  When  smoked,  marijuana  quickly 
enters  the  bloodstream  and  acts  on  the  brain  and  nervous 
system.  It  affects  the  user’s  mood  and  thinking.  Marijuana 
is  usually  classified  as  a  sedative  hypnotic.  Physical  de¬ 
pendence  does  not  result  from  the  use  of  marijuana;  how- 

addictive,  some  people  may  ever’  some  PeoPle  become  psychologically  dependent  on 

become  psychologically  this  drug.  The  drug’s  effects  vary  widely,  depending  on  the 

dependent  on  it. 


Cocaine  is  a  stimulant  drug  that  is  derived  from  the  coca  plant.  A  strong 
psychological  dependence  can  result  from  the  use  of  this  drug. 


amount  and  strength  of  the  marijuana  used.  The  range  of 
effects  can  vary  from  depression  to  a  feeling  of  excitement. 
However,  some  users  experience  no  change  of  mood  at  all. 
The  long-term  effects  of  the  drug  are  still  unknown. 

40—11  Stimulants  Stimulants  (stim'yo  lents)  are 
substances  that  speed  up  the  functioning  of  the  body.  Co¬ 
caine  (ko  kan')  is  a  natural  stimulant  drug.  It  is  extracted 
from  the  leaves  of  the  coca  shrub,  a  plant  native  to  areas  of 
South  America.  Although  cocaine  is  a  stimulant  drug,  it  is 
listed  as  a  narcotic  drug.  It  is  used  as  a  local  anesthetic  in 
certain  types  of  surgery.  Taken  in  moderate  doses,  cocaine 
tends  to  speed  up  the  heart,  dilate  the  pupils,  and  increase 
body  temperature.  There  is  strong  psychological  depen¬ 
dence  among  heavy  users  of  the  drug. 

40—12  Synthetic  stimulants  Synthetic  (sin 
thet'ik)  stimulants  include  the  amphetamines  (am 

fet'a  mens).  These  drugs  are  produced  in  the  laboratory 
and  are  used  in  pep  pills.  They  stimulate  the  central  ner¬ 
vous  system  and  increase  the  heart  rate  and  breathing  rate. 
Amphetamines  are  often  administered  as  mood  elevators 
for  patients  suffering  from  depression.  There  is  a  strong 
psychological  dependence  on  amphetamines. 
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40—13  Hallucinogens  The  hallucinogens  (ha 

lii'sa  no  jens)  are  also  called  the  consciousness-expanding 
or  psychedelic  drugs.  LSD,  mescaline,  and  psilocybin  are 
the  most  common  hallucinogenic  drugs.  Mescaline  is  pro¬ 
duced  from  peyote,  a  natural  substance  found  in  a  certain 
variety  of  spineless  cactus  plant.  Psilocybin  is  also  a  natu¬ 
ral  hallucinogen.  It  is  derived  from  a  variety  of  mushroom 
native  to  central  Mexico. 

LSD  is  the  most  powerful  and  dangerous  hallucinogenic 
drug.  LSD,  commonly  called  acid,  is  odorless,  colorless, 
and  tasteless.  It  dilates  the  pupils  and  raises  temperature 
and  blood  pressure.  The  senses  become  distorted,  produc¬ 
ing  strange  and  unreal  responses.  For  example,  some  users 
have  reported  “hearing”  the  colors  of  a  painting  or 
“seeing”  music  in  color.  The  effects  of  LSD  on  the  user  are 
totally  unpredictable.  The  user  does  not  know  if  a  “trip”  (a 
mental  and  emotional  experience)  will  be  a  good  one  or  a 
bad  one.  Some  users  have  committed  violent  acts  and  oth¬ 
ers  have  been  hospitalized.  Research  indicates  that  LSD  can 
permanently  kill  brain  cells.  Scientists  believe  that  LSD  can 
cause  birth  defects  in  babies  of  women  who  take  the  drug 
during  pregnancy. 

40— 14  Volatile  solvents — vapor-sniffing  Many 
products  contain  substances  that  can  be  sniffed  to  get  high. 
Such  products  include  model  glue,  paint  thinner,  gasoline, 
hair  spray,  lighter  fluid,  and  kerosene.  The  vapors  from 


Although  labels  usually  warn  of 
the  dangers  involved  in  inhaling 
the  vapors  of  volatile  substances, 
some  people  continue  to 
experiment  with  this  dangerous 
practice. 


SCIENCE  TERMS 

psychological  dependence 
physical  dependence 
depressants 
addiction 

withdrawal  symptoms 

narcotic  drugs 

opiates 

tranquilizers 

stimulants 

hallucinogens 
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DANGER 


SPRAY  HARMFUL  OR  FATAL  IF  INHALED. 
FLAMMABLE.CONTAINER  MAY  EXPLODE  IF  HEALED. 

IL  EST  NOCIF  ET  PEUT  E:TRE  MORTEL  DASPIRER 
LA  MATURE  VAPORISE E.  INFLAMMABLE 
CE  CONTENANT  PEUT  EXPLOSER  S  IL  EST  CHAUFFE. 

300g 


In  some  cases,  heroin  addiction  is  treated  with  a  drug  called  methadone. 
Methadone  satisfies  the  body’s  desire  for  heroin  but  is  itself  habit¬ 
forming. 


these  products  are  depressants  and  produce  dizziness, 
sleepiness,  loss  of  consciousness,  and  hallucinations.  Users 
become  light-headed  after  sniffing  these  substances.  The 
continued  use  of  these  volatile  solvents  can  lead  to  liver 
damage,  kidney  failure,  anemia,  and  death. 

40—1 5  Treatment  for  drug  addicts  Most  types 
of  treatment  that  are  available  to  people  who  are  depen¬ 
dent  on  drugs  revolve  around  counseling  and  group  ther¬ 
apy.  Hospital,  public,  and  private  facilities  exist  for  the 
treatment  and  rehabilitation  of  drug  abusers.  In  addition, 
there  are  therapeutic  communities  where  drug  abusers 
may  live  together  and  work  out  their  problems  in  a  group 
experience. 

A  synthetic  narcotic  drug  called  methadone  (meth'a 
don)  is  used  by  physicians  to  treat  some  cases  of  addiction. 
If  given  a  daily  oral  dose  of  methadone,  a  heroin  abuser 
can  be  “maintained,”  or  stabilized.  This  drug  develops 
physical  dependence,  but  it  satisfies  the  body’s  craving  for 
heroin.  However,  it  is  important  to  note  that  methadone 
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blocks  only  the  effects  of  heroin.  It  does  not  block  the  ef¬ 
fects  of  other  drugs.  People  who  approve  of  methadone 
maintenance  claim  it  helps  heroin  abusers  lead  a  better 
life.  However,  those  who  disapprove  of  this  method  feel 
that  dependence  has  only  been  shifted  from  one  drug  to 
another. 


CHECK  YOUR  FACTS 

1.  Name  the  two  classes  of  drugs. 

2.  Define  a  drug  abuser. 

3.  What  is  drug  dependency? 

4.  Describe  the  primary  effect  of  narcotic  drugs  on  the  body. 

5.  What  are  tranquilizers? 

6.  Can  you  name  several  volatile  solvents? 

7.  What  is  methadone? 


The  Use  and  Abuse  of  Alcohol 

40—16  What  is  alcohol?  Ethyl  alcohol  (eth'ol 
al'ko  hoi)  is  the  alcohol  most  often  found  in  beverages.  It  is 
produced  by  the  action  of  yeast  cells  on  carbohydrates  in 
grain,  potatoes,  and  fruit  juices.  Another  alcohol,  methyl 
(meth'ol)  alcohol  is  made  from  wood.  This  alcohol  is 
found  in  rubbing  alcohol  and  antifreeze.  It  is  highly  poi¬ 
sonous  and  has  no  medical  uses.  Even  its  fumes  are  dan¬ 
gerous.  Denatured  (de  na'chord)  alcohol  is  alcohol 
rendered  unfit  for  use  as  a  beverage  or  medicine  by  adding 
toxic  ingredients.  It  is  used  commercially  as  a  solvent. 

40—17  Alcohol  is  a  drug  Most  people  never  think 
of  alcohol  as  being  a  drug.  However,  alcohol  acts  as  a 
depressant,  not  a  stimulant,  to  the  entire  nervous  system. 
In  fact,  alcohol  used  to  be  used  to  deaden  the  pain  of  oper¬ 
ations.  Alcohol  interferes  with  the  chemical  transfer 
involved  in  the  communications  system  of  the  central  ner¬ 
vous  system.  It  blocks  the  transmission  of  messages  from 
the  brain  to  the  rest  of  the  body.  Paralysis  of  the  central 
nervous  system  results  from  drinking  large  quantities  of  al¬ 
cohol.  The  paralysis  disappears  when  the  amount  of  alco¬ 
hol  in  the  system  diminishes. 

Alcohol  acts  immediately  upon  the  brain’s  higher  cen¬ 
ters.  The  drinker  experiences  a  sense  of  release  and  elation 
when  these  centers  are  dulled.  For  example,  a  shy  person 
may  become  loud.  In  addition,  muscular  coordination  is 
often  diminished,  and  a  person’s  ability  to  perform  tasks 
requiring  skill  is  reduced. 


Cereal  grains  are  the  starting 
materials  in  the  brewing  of  beer. 
Fermentation  by  yeasts  on  sugars 
in  the  grains  produces  ethyl 
alcohol. 


40—18  What  happens  to  alcohol  in  the  body? 

In  addition  to  being  a  drug,  alcohol  is  also  a  food.  How¬ 
ever,  it  is  low  in  nutritive  value  and  high  in  caloric  value. 
Alcohol  is  absorbed  rapidly  by  the  body  tissues.  Because  it 
does  not  have  to  be  digested,  it  can  enter  the  blood 
through  the  stomach  wall  or  intestine  soon  after  being 
swallowed.  This  explains  why  the  effects  of  alcohol  are  felt 
only  a  few  minutes  after  drinking  it.  A  few  minutes  after 
taking  a  drink,  alcohol  can  be  detected  in  the  blood  and  on 
the  breath.  About  20  percent  of  a  drink  of  alcohol  is  ab¬ 
sorbed  from  the  stomach  into  the  bloodstream.  The  rest  is 
absorbed  through  the  blood  vessels  of  the  small  intestine. 
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SCIENCE  TERMS 


ethyl  alcohol 
methyl  alcohol 
denatured  alcohol 
cirrhosis 
delirium  tremens 
Wernicke’s  syndrome 
alcoholism 
reaction  time 


The  body  cells  oxidize  most  of  the  alcohol  and  release 
heat  energy  from  it.  The  temperature  of  the  blood  is  raised 
and  the  skin  flushes.  The  drinker  feels  warm.  However,  the 
warmth  is  only  on  the  surface.  There  is  an  enlargement  of 
the  capillaries  in  the  skin,  and  actually  the  body  loses  heat 
in  this  process. 

The  oxidation  of  alcohol  occurs  in  the  liver.  Alcohol  is 
combined  with  oxygen  and  energy  is  released.  Carbon 
dioxide  and  water  are  the  waste  products  of  this  process. 
The  remainder  of  the  alcohol  is  removed  from  the  body  in 
a  variety  of  ways.  Some  is  released  into  the  lungs  as  vapor. 
Some  of  the  alcohol  passes  out  through  the  kidneys  as  a 
part  of  urine.  In  addition,  some  alcohol  leaves  the  body 
through  the  sweat  glands  of  the  skin. 

40— 19  Alcohol  related  diseases  Cirrhosis  (sa 

ro'sis),  or  hardening  of  the  liver,  is  a  disease  associated 
with  excessive  drinking  of  alcohol.  In  this  disease  the  liver 
enlarges.  It  later  shrinks  and  hardens.  The  liver  cells  are  re¬ 
placed  by  scar  tissue.  Cirrhosis  of  the  liver  is  six  times 
more  common  among  alcoholics  than  among  the  general 
population. 

Delirium  tremens  (di  lir'e  3m  tri'mens),  or  DT’s,  is  a 
disease  of  the  nervous  system  occurring  in  about  5  percent 
of  all  alcoholics.  Usually  DT’s  occur  in  individuals  who 
have  been  excessive  and  steady  drinkers  for  several  years. 
However,  they  can  also  occur  after  a  drinking  spree.  Some 
alcoholics  have  repeated  bouts  with  DT’s. 

Individuals  with  DT’s  have  uncontrollable  shaking,  hal¬ 
lucinations,  and  convulsions.  Because  such  patients  usu¬ 
ally  have  no  appetite,  have  fevers,  and  sweat  excessively, 
they  are  fed  intravenously  large  amounts  of  fluid.  Most 
DT’s  end  after  about  two  days.  Nearly  15  percent  of  all 
patients  suffering  from  DT’s  die  from  circulatory  collapse 
or  shock. 

Wernicke’s  syndrome  is  another  alcohol-related  dis¬ 
ease.  Persons  afflicted  with  this  disease  have  paralysis  of 
the  eye  muscles,  a  staggered  gait,  brain  hemorrhaging,  and 
poor  muscular  coordination. 

40—20  Alcoholism  Alcoholism  (al'ka  ho  liz  ^m) 

is  a  disease.  The  chronic  alcoholic  is  both  an  emotionally 
and  physically  sick  individual.  There  are  approximately  10 
million  alcoholics  in  North  America.  It  is  interesting  to 
note  that  alcoholics  come  from  nearly  every  age  group  and 
every  walk  of  life. 

The  most  important  warning  signal  indicating  possible 
alcoholism  is  that  the  drinker  begins  to  look  at  alcohol  as  if 
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Alcohol  affects  the  normal  functioning  of  the  body’s  systems.  Therefore  it 
is  a  drug. 


it  were  a  drug  rather  than  a  beverage.  The  drinker  begins 
to  drink  to  obtain  a  feeling  of  release  of  tension.  Another 
warning  sign  is  that  the  person  drinks  more  frequently. 

The  exact  cause  of  alcoholism  is  unknown.  However, 
some  scientists  believe  that  the  alcoholic’s  body  is  unable 
to  properly  metabolize  alcohol.  Alcoholism  has  also  been 
linked  to  an  abnormal  craving  for  alcohol  by  the  body  and 
to  heredity. 

40-21  Alcohol  and  driving  You  have  probably 
heard  the  statement:  “If  you  drive,  don’t  drink;  if  you 
drink,  don’t  drive.’’  Combined  with  driving,  alcohol 
causes  thousands  of  deaths  and  injuries  every  year.  Over 
one  half  of  all  automobile  deaths  can  be  traced  to  an  over- 
indulgence  in  alcohol. 
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All  provinces  and  territories  have 
strict  laws  against  driving  while 
under  the  influence  of  alcohol.  A 
breatholyzer  test  can  be  used  to 
determine  the  percentage  of 
alcohol  in  a  person’s  blood. 


The  main  reason  why  alcohol  and  driving  do  not  mix  is 
that  a  person  who  has  had  a  few  drinks  will  show  a  loss  of 
coordination,  concentration,  and  judgment.  One’s  reac¬ 
tion  time,  or  the  time  it  takes  for  a  muscle  to  respond  to  a 
stimulus,  is  increased  by  nearly  one-third  after  two  or 
three  drinks. 


CHECK  YOUR  FACTS 


1.  Can  you  name  several  different  types  of  alcohol? 

2.  Is  alcohol  a  food  as  well  as  a  drug? 

3.  What  is  delirium  tremens? 

4.  What  are  some  warning  signs  of  alcoholism? 

5.  How  is  one’s  reaction  time  affected  by  alcohol? 


The  Use  and  Misuse  of  Tobacco 

40—22  Why  people  smoke  People  smoke  for  a  vari¬ 
ety  of  reasons.  Some  enjoy  the  taste  or  smell  of  tobacco; 
others  say  they  smoke  to  be  sociable  or  that  their  friends 
smoke.  People  also  smoke  tobacco  as  a  reaction  to  stress. 
They  claim  it  relieves  nervous  tension.  However,  once  a 
person  has  started  to  smoke,  smoking  becomes  a  habit  that 
is  difficult  to  break. 

40—23  What  are  the  components  of  cigarette 
smoke?  Some  of  the  harmful  ingredients  in  cigarette 
smoke  include  nicotine  (nik'a  ten),  carbon  monoxide, 
and  tars.  Nicotine  is  a  naturally  occurring  stimulant  that 
is  the  active  ingredient  in  tobacco.  It  is  a  very  powerful 
poison  in  concentrated  form.  Nicotine  is  also  used  as  the 
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poison  in  insect  spray.  A  very  small  amount  could  kill  a 
person.  However,  a  smoker  does  not  absorb  that  much 
nicotine  at  any  one  time. 

Carbon  monoxide  is  the  most  dangerous  gas  in  cigarette 
smoke.  This  poisonous  gas  is  also  found  in  automobile  ex¬ 
haust.  Carbon  monoxide  lowers  the  oxygen -carrying 
capacity  of  the  blood.  For  the  body  tissues  to  receive  ade¬ 
quate  amounts  of  oxygen,  the  heart  has  to  work  harder  to 
circulate  blood.  Cigarette  smoke  contains  about  1  percent 
of  carbon  monoxide. 

Tobacco  tar  is  made  up  of  chemicals  that  produce  a 
brown  sticky  material  when  condensed  from  cigarette 
smoke.  Many  of  the  cancer-causing  agents,  or  carcino¬ 
gens  (kar  sin'o  jens),  in  cigarette  smoke  are  present  in  tar. 
These  materials  have  been  laboratory  tested  on  animals 
and  have  caused  the  growth  of  cancers. 

40—24  Effects  of  cigarette  smoking  Cigarette 
smoking  affects  the  circulatory  system.  Cigarette  smoke 
causes  constriction  of  the  small  blood  vessels.  The  heart 
rate  increases  and  the  blood  pressure  rises.  This  rise  in  the 
blood  pressure  increases  the  work  of  the  heart  by  nearly 
30  beats  per  minute.  Smoking  also  promotes  hardening  of 
the  arteries.  The  death  rate  from  coronary  heart  disease 
among  smokers  is  double  that  among  nonsmokers. 

Smoking  also  causes  blood  clots  within  a  blood  vessel, 
thus  blocking  the  flow  of  blood.  This  condition  is  called 
Buerger’s  disease.  It  often  occurs  in  the  feet.  Later, 
gangrene  poisoning  may  set  in  and  require  amputation  of 
toes,  fingers,  arms,  or  legs. 


SCIENCE  TERMS 

nicotine 

carbon  monoxide 
tars 

carcinogens 
Buerger’s  disease 
emphysema 
bronchitis 


FIGURE  40- 1 

The  ingredients  in  tobacco 
smoke 
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The  nose,  throat,  trachea,  bronchi,  and  lungs  are  af¬ 
fected  by  cigarette  smoke.  Gases  and  particles  in  cigarette 
smoke  irritate  the  moist  mucous  membranes  of  the  respira¬ 
tory  tract.  Mucus  secretion  increases  and  cilia  on  the 
mucous  membrane  become  damaged  and  cannot  function 
properly.  The  bronchial  tubes  are  irritated  by  smoke,  caus¬ 
ing  smokers  to  cough.  The  irritating  effects  of  smoking  on 
the  throat,  lungs,  and  sinuses  are  increased  by  inhaling. 

The  death  rate  due  to  emphysema  (em  fa  se'ma),  a 
disease  in  which  the  lungs  lose  their  elasticity,  and  bron¬ 
chitis,  an  inflammation  of  the  bronchial  tubes,  is  four 
times  higher  among  smokers  than  among  nonsmokers. 

40—25  Smoking  and  cancer  Different  types  of 
cancers  have  been  linked  to  heavy  cigarette  smoking  for 
many  years.  Cancers  of  the  larynx,  pharynx,  tongue,  and 
lip  occur  more  frequently  among  smokers.  Smoking  is  a  di¬ 
rect  cause  of  lung  cancer.  It  is  the  most  common  cause  of 
death  due  to  cancer  among  North  American  men.  It  is  also 


Research  has  indicated  a  link  between  cigarette  smoking  and  several 
forms  of  cancer,  including  lung  cancer.  Yet,  people  continue  to  smoke. 


increasing  as  a  cause  of  death  among  North  American 
women.  Only  10  percent  of  all  deaths  from  lung  cancer  oc¬ 
cur  in  nonsmokers.  The  obvious  way  to  prevent  lung  can¬ 
cer  is  not  to  smoke  or  to  stop  smoking.  Another  disease, 
cancer  of  the  stomach,  is  40  percent  more  common  among 
smokers  than  among  nonsmokers. 


CHECK  YOUR  FACTS  

1.  Can  you  name  several  reasons  why  people  smoke? 

2.  What  are  some  effects  of  cigarette  smoking  on  the  body? 

3.  Name  some  diseases  that  are  directly  related  to  cigarette 
smoking. 


SUMMARY 


Drugs  can  harm  the  body  if  they  are  used  unwisely  without  a 
doctor’s  prescription.  Drug  abusers  are  individuals  who  self- 
administer  drugs  to  achieve  a  change  of  mood  or  behavior  for 
any  number  of  complex  reasons.  Drug  dependence  is  the  psy¬ 
chological  and/or  physical  need  for  a  drug.  Alcohol  is  a  drug. 
It  acts  as  a  depressant,  not  a  stimulant,  to  the  nervous  system. 
Organic  diseases  can  result  from  the  excessive  use  of  alcohol. 
Tobacco  is  misused  for  a  variety  of  reasons.  Smoking  is  a  con¬ 
tributory  factor  in  many  diseases  and  tends  to  shorten  life. 


REVIEW  QUESTIONS 

1.  What  are  the  effects  of  barbiturates  on  the  body? 

2.  Can  you  explain  why  the  hallucinogenic  drugs  are  harm¬ 
ful? 

3.  How  does  vapor- sniffing  affect  the  body? 

4.  Discuss  modes  of  treatment  for  drug  addicts. 

5.  Explain  why  alcohol  consumption  gives  one  a  feeling  of 
warmth. 

6.  Explain  what  happens  to  alcohol  in  the  body. 

7.  What  are  the  effects  of  alcohol  on  the  nervous  system? 

8.  What  are  some  possible  causes  of  alcoholism? 

9.  Describe  some  of  the  symptoms  of  alcohol-related  dis¬ 
eases. 

10.  What  are  the  ingredients  of  cigarette  smoke? 


ANALYSIS  AND  APPLICATION 

1.  Can  you  discuss  the  factors  involved  in  defining  whether  a 
drug  is  being  misused  or  abused? 

2.  Explain  the  physiological,  psychological,  and  sociological 
causes  that  can  lead  a  person  to  alcoholism. 
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UNIT  7  REVIEW 


1.  Discuss  the  digestion  of  carbohydrates  and  proteins  in 
the  human  digestive  system. 

2.  Prepare  a  report  on  the  functions  of  the  four  types  of  hu¬ 
man  teeth. 

3.  Discuss  the  functions  of  red  blood  cells,  white  blood 
cells,  and  platelets. 

4.  Prepare  a  labeled  diagram  of  the  heart  and  the  lungs  to 
show  the  pulmonary  circulation.  Use  arrows  to  indicate 
the  direction  of  blood  flow. 

5.  Discuss  some  of  the  disorders  that  can  affect  the  respira¬ 
tory  system. 

6.  Why  is  excretion  considered  to  be  a  homeostatic 
mechanism? 

7.  List  some  of  the  effects  on  the  body  produced  by  the 
hormone  epinephrine. 

8.  Discuss  the  roles  of  the  two  hormones  produced  by  the 
pancreas. 

9.  Sketch  a  typical  nerve  cell  and  label  the  main  features. 
With  an  arrow,  indicate  the  direction  of  nerve  impulse 
propagation  in  the  sketch. 

10.  Name  the  three  main  regions  of  the  brain  and  the  par¬ 
ticular  functions  of  each  region. 

11.  Discuss  the  basic  types  of  joints  and  give  an  example  of 
each  type. 

12.  Describe  the  structure  of  striated  muscle  tissue  as  re¬ 
vealed  by  the  electron  microscope. 

13.  Prepare  a  report  on  how  regular  exercise  affects  the 
muscular  system. 

14.  Discuss  the  role  of  hormones  in  controlling  the  events  of 
the  menstrual  cycle. 

15.  What  are  some  of  the  health  hazards  associated  with  the 
drinking  of  alcohol? 
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For  many  years  biologists  considered 
their  proper  field  of  study  to  be  the 
organism  and  the  structures  and 
functions  within  it.  To  understand  the 
“secrets”  of  life  was  their  main  goal, 
and  they  proceeded  as  though  all  life’s 
secrets  were  hidden  inside  organisms, 
like  treasures  in  a  trunk.  But  that 
approach  was  limited.  How  could  a 
biologist  explain  the  population 
explosion  of  a  deer  herd  by  studying  the 
insides  of  deer?  Could  a  biologist 
always  understand  the  decline  of  a 
trout  population  in  a  lake  by  studying 
the  insides  of  a  trout?  Such  problems 
took  the  biologist  beyond  the  individual 
organism,  to  the  population,  to  the 
community,  and  to  the  physical 
environment.  This  opened  up  another 
realm  of  study,  the  science  of  ecology, 
which  is  the  subject  of  this  last  unit. 


: 


Population, 

Community 


4l-l  Population  A  population  is  a  group  of  or¬ 
ganisms  of  one  species  defined  in  space  and  time.  An  ex¬ 
ample  of  a  population  is  all  the  black  walnut  trees  of 
York  County,  Ontario,  in  August.  Such  a  population  is 
called  a  local  population  if  the  species  range  extends  be¬ 
yond  the  described  area.  This  would  be  the  case  of  the 
black  walnut  trees.  They  are  found  in  other  parts  of  On¬ 
tario  and  in  other  provinces. 


41—2  Habitat  Every  population  has  a  habitat, 
which  is  the  place  where  it  lives  and  carries  out  its  activi¬ 
ties.  For  example,  the  habitat  of  a  local  population  of  rac¬ 
coons  could  be  a  small  forest.  The  habitat  of  a  local  popu¬ 
lation  of  rainbow  trout  could  be  the  creek  that  runs 
through  the  forest.  A  small  mountain  in  southern  Alberta 
could  be  the  habitat  of  the  local  population  of  white  pine 
trees  that  make  up  much  of  the  forest. 

Many  populations,  such  as  those  of  raccoons,  rainbow 
trout,  and  white  pine  trees,  have  a  stable  habitat.  Except 
for  seasonal  changes,  their  habitat  remains  nearly  the  same 
year  after  year.  Some  populations,  however,  live  in  habi¬ 
tats  that  vary  throughout  the  year.  A  population  of  mallard 
ducks  may  spend  the  summer  in  a  marsh  in  Canada  and  the 
winter  in  a  bayou  of  Louisiana.  During  the  spring  and  fall 
migrations,  their  habitat  may  be  a  pond  one  day,  a  stream 
the  next  day,  and  a  lake  the  day  after. 

41-3  The  general  habitats  There  are  three  gen¬ 
eral  habitats  in  which  populations  live.  Those  populations 
that  live  primarily  on  land  are  said  to  live  in  a  terrestrial 


The  ibex,  or  wild  goat,  lives  in  the 
mountainous  areas  of  Europe  and 
North  Africa.  Its  food  consists 
entirely  of  vegetation. 
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The  long  spines  of  the  lion-fish 
are  actually  modified,  poisonous 
fins.  An  ocean-dweller,  the  lion- 
fish  will  attack  other  fishes  with 
these  fins. 


(t3  res'tre  3l)  habitat.  Those  that  live  in  the  oceans  or 
seas  live  in  a  marine  (ms  ren')  habitat.  Other  aquatic 
populations  that  do  not  live  in  an  ocean  or  sea  are  said  to 
live  in  a  freshwater  habitat. 

4-1—4  Population  size  The  size  of  a  population 
over  a  period  of  time  depends  upon  four  factors.  One  fac¬ 
tor  is  natality  (na  tal'3  te),  or  the  rate  of  birth  within  the 
population.  The  second  factor  is  mortality  (mor  tal' a 
te),  the  rate  of  death  within  the  population.  In  some  popu¬ 
lations  these  two  factors  alone  will  determine  the  popu¬ 
lation  size.  If  natality  exceeds  mortality,  the  population  will 
grow.  If  mortality  exceeds  natality,  the  size  will  decrease.  If 
mortality  continues  to  exceed  natality,  population  death 
can  occur.  The  death  of  a  population  is  called  extinction 
(ek  stingk'shsn). 

The  other  two  factors  affecting  population  size  are  move¬ 
ments  in  and  out  of  the  population.  Outward  movements, 
where  the  individuals  leave  the  population,  are  called 
emigration  (em  s  gra'shsn).  An  example  of  emigration 
occurs  when  a  local  population,  such  as  a  hive  of  honey¬ 
bees,  reaches  a  certain  size.  At  that  time  the  queen  bee  and 
many  others  leave  and  establish  a  new  hive. 

The  other  type  of  movement  is  immigration  (im  3 
gra'shsn),  which  is  a  movement  into  a  population.  This 
happens  whenever  a  vegetable  or  flower  garden  is  planted. 
At  the  beginning  there  are  small  populations  of  weeds. 
These  populations  always  grow  because  of  immigrant 
seeds  that  find  their  way  into  the  garden. 


The  long-nosed  gar  is  found  in  the  Great  Lakes  and  in  many  rivers  of  the 
eastern  United  States /Canada.  It  feeds  on  other  fishes. 
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FIGURE  41-1  TheS  -curve  growth  pattern  in  a  population  of  yeasts  is 
graphed  above.  Limiting  factors  eventually  slow  population  growth. 


41-5  Control  of  population  size  Many  factors 
control  natality,  mortality,  emigration,  and  immigration 
within  a  population.  Such  factors  are  called  limiting  fac¬ 
tors.  Limiting  factors  may  include  the  amount  of  available 
space,  water,  and  food.  They  also  may  include  the  effects 
of  other  populations.  For  example,  a  limiting  factor  on  the 
mortality  of  a  population  of  grasshoppers  could  be  the 
number  of  bird  populations  that  feed  upon  them. 

Populations  often  experience  a  growth  pattern  that  is 
called  an  S-curve  pattern.  This  may  result  when  a  pop¬ 
ulation  enters  an  entirely  new  habitat.  At  first  the  growth 
of  the  population  is  quite  slow.  When  the  growth  pattern 
is  plotted  on  a  graph,  the  early  phase  of  growth  is  a  line 
with  a  gradual  rise. 

After  the  first  phase  of  growth,  as  natality  continues  to 
exceed  mortality,  the  growth  rate  increases.  More  and 
more  offspring  survive  and  multiply,  with  each  succeeding 
generation  producing  more  than  the  previous  one.  This  in¬ 
creased  rate  of  growth  is  seen  on  a  graph  as  a  line  that 
gradually  becomes  more  vertical. 

Eventually  every  population  encounters  more  and  more 
limiting  factors  as  its  size  increases.  Typical  limiting  factors 
are  the  lack  of  space,  food,  or  water.  In  some  populations  a 
limiting  factor  can  be  an  accumulation  of  waste  products 
that  poisons  the  individuals.  Sometimes  it  is  a  disease  epi¬ 
demic  that  is  caused  by  the  crowding.  In  any  case  the  pop¬ 
ulation  growth  rate  begins  to  decline.  Mortality  begins  to 
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equal  natality,  and  the  slope  of  the  line  on  the  graph  begins 
to  level  out.  The  result  is  a  curved  line  that  looks  some¬ 
what  like  the  letter  S;  hence,  the  name  S-curve. 

41—6  The  biotic  community  The  biotic  (bl 
ot'ik)  community  is  a  group  of  populations  living  in  a 
specific  area,  or  habitat.  The  term  biota  (bl  o'ts)  includes 
all  the  populations  in  a  community. 

Biotic  communities  vary  in  size  and  in  variety  of  popu¬ 
lations.  A  small  community  might  be  the  biota  in  a  decay¬ 
ing  log.  This  biota  could  include  populations  of  termites, 
ants,  beetles,  and  several  species  of  bacteria  and  fungi. 

Major  communities  include  forests,  ponds,  and  streams, 
where  the  biota  is  mostly  independent  from  that  of  other 
communities.  Major  communities  of  the  same  type  have 
similar  structures.  For  example,  a  pond  in  England  and  a 
pond  in  Manitoba  would  have  almost  the  same  kind  of 
biota.  This  biota  would  be  distributed  in  nearly  the  same 
places  in  the  two  ponds. 

4 1—7  The  ecosystem  The  ecosystem  (e'ks  sis  tern) 
is  a  level  of  biological  organization  above  that  of  the  com¬ 
munity.  The  ecosystem  includes  the  community  and  the 
nonliving  environment  with  which  it  interacts.  The  non¬ 
living  environment  is  called  the  abiotic  (a  bl  ot'ik)  envi¬ 
ronment. 


The  biotic  community  of  a  pond  may  include  animals,  such  as  these 
leopard  frogs,  plants,  protists,  and  monerans. 


It  is  important  to  realize  the  difference  between  a  com¬ 
munity  and  an  ecosystem.  A  pond  community  includes 
only  the  biota  of  the  pond— the  fish,  tadpoles,  insects,  mi¬ 
croorganisms,  algae,  and  plants.  The  ecosystem  includes 
the  water,  mud,  dissolved  gases,  and  chemicals,  and  the  at¬ 
mosphere  over  the  surface  of  the  pond. 

Ecology  was  defined  in  Chapter  1  as  the  study  of  organ¬ 
isms  and  their  environment.  Now  we  can  give  it  a  more 
precise  definition.  Ecology  is  the  study  of  ecosystems. 
This  study  includes  how  populations  of  organisms  affect 
their  abiotic  environment  and  how  the  abiotic  environ¬ 
ment  affects  populations  of  organisms. 

41—8  Interaction  in  the  ecosystem  Included  in 
the  definition  of  an  ecosystem  is  the  term  interact.  This 
means  “to  act  upon  each  other,”  and  it  refers  to  the  way 
the  biota  and  abiotic  components  act  upon  each  other.  For 
example,  the  biota  of  a  pond  acts  upon  and  changes  the 
abiotic  components.  The  pond  biota  is  constantly  releasing 
wastes,  such  as  urea  and  carbon  dioxide,  into  the  water. 
Much  of  the  biota  removes  dissolved  oxygen  from  the  wa¬ 
ter  and  uses  it  in  transforming  energy. 

The  abiotic  components  also  act  upon  the  biota.  For  ex¬ 
ample,  in  Manitoba  the  winter  temperature  of  the  atmos¬ 
phere  above  the  pond  drops  below  freezing.  This  converts 
the  water  above  the  biota  to  ice  and  drops  the  temperature 
of  the  rest  of  the  water.  In  turn,  this  causes  some  of  the 
biota,  such  as  turtles  and  frogs,  to  burrow  into  the  mud.  It 
also  causes  the  death  of  many  plants  and  a  slowdown  in 
the  swimming  and  feeding  activities  of  the  fish. 

In  ecosystems  not  affected  by  human  activities,  the  inter¬ 
action  between  the  biota  and  the  abiotic  environment  is 
usually  in  some  degree  of  balance.  This  is  a  type  of  home¬ 
ostasis,  which  is  a  steady  state  that  we  also  find  within 
the  internal  environment  of  organisms.  For  example,  in  a 
pond  a  fairly  uniform  quantity  of  dissolved  oxygen  and 
carbon  dioxide  is  maintained.  This  balance  is  partly  the  re¬ 
sult  of  plants  giving  off  oxygen  during  photosynthesis  and 
animals  giving  off  carbon  dioxide  through  breathing.  An¬ 
other  type  of  homeostasis  exists  in  the  size  of  the  popu¬ 
lations.  There  is  usually  a  balance  between  natality,  mor¬ 
tality,  emigration,  and  immigration.  This  balance  helps  to 
keep  the  populations  about  the  same  size  year  after  year. 

41-9  The  ecological  niche  The  habitat  of  a  popu¬ 
lation  is  the  place  where  it  lives.  Now  we  must  introduce  a 
broader  term,  which  includes  the  habitat.  The  ecological 
niche  (nich),  or,  simply,  niche,  is  a  population’s  com- 


The  activities  of  any  population  of 
organisms,  such  as  a  beaver 
population,  will  affect  all  other 
populations  in  the  community. 


plete  role  in  an  ecosystem.  This  role  involves  many  actions 
and  interactions,  which  we  can  demonstrate  with  an  ex¬ 
ample. 

Let  us  use  the  example  of  a  beaver  population  to  illus¬ 
trate  one  niche  in  an  ecosystem.  The  niche  includes  the 
habitat.  The  population  of  beavers  lives  along  a  creek  in 
lodges  they  have  built.  The  niche  also  includes  all  the  ac¬ 
tivities  of  the  population.  These  activities  include  the  cut¬ 
ting  down  of  trees,  the  building  of  dams  and  lodges,  mat¬ 
ing,  the  raising  of  their  young,  and  avoiding  the  lynx  and 
wolverines  that  prey  on  them.  The  niche  includes  the 
many  ways  in  which  the  population  affects  other  popu¬ 
lations.  The  beavers  eat  the  bark  from  young  trees.  They 
cut  down  hundreds  of  other  trees  over  a  year’s  time.  Their 
dams  create  ponds  that  are  a  better  habitat  for  fish  and 
plants  than  the  creek  itself.  The  niche  includes  the  effects 
of  a  population  upon  the  abiotic  environment.  The  beaver 
dams  change  the  way  the  creek  flows.  Their  ponds  in¬ 
crease  the  average  water  temperature  of  the  creek.  By 
slowing  the  movement  of  the  creek,  the  population  causes 
a  slowdown  of  erosion  and  a  decrease  in  the  oxygen  sup¬ 
ply  of  the  water. 

In  summary,  the  niche  includes  a  population’s  total  im¬ 
pact  within  the  ecosystem  in  which  it  lives.  This  impact  in¬ 
cludes  the  space  required  for  living,  and  all  the  inter¬ 
actions  with  other  populations  and  the  abiotic 
environment. 

41—10  Producers  All  ecosystems  have  three  basic 
niches  that  are  occupied  by  different  organisms.  The  most 
basic  niche  is  that  of  the  producer.  A  producer  is  any  or- 
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ganism  or  population  that  has  the  ability  to  transform  light 
energy  from  the  sun  by  photosynthesis.  The  energy  from 
sunlight  is  transformed  by  producers  mainly  into  the 
bonds  of  carbohydrates,  fats,  and  proteins.  In  turn,  when 
the  producers  are  eaten,  this  energy  becomes  available  to 
all  other  populations  in  the  ecosystem. 

The  producers  include  all  the  various  kinds  of  algae  and 
a  few  bacteria.  Producers  also  include  all  the  green  plants. 

41—11  Consumers  The  second  basic  niche  in 
ecosystems  is  that  of  the  consumer.  The  consumer 
is  an  organism  or  population  that  obtains  its  food  and 
energy  directly  or  indirectly  from  a  producer.  Quail  and 
deer  are  consumers  that  feed  directly  upon  producers  and 
their  products.  Such  consumers  are  called  first-order  con¬ 
sumers.  A  robin  that  eats  a  grasshopper  that  feeds  on 
plants  would  be  a  second-order  consumer.  Indirectly, 
through  the  grasshopper,  the  robin  is  obtaining  from  the 
plant  the  energy  that  originally  came  from  the  sun.  The 
robin  is  obtaining  food  molecules  that  were  simply  rear¬ 
ranged  by  the  grasshopper  after  eating  the  plant.  In  many 
ecosystems  there  are  third-order,  fourth-order,  and  even 
fifth-order  consumers  that  simply  extend  the  robin- 
grasshopper  relationship.  For  example,  snakes  eat  some 
birds,  while  eagles  and  hawks  eat  snakes. 


population 

habitat 

terrestrial  habitat 
marine  habitat 
freshwater  habitat 
natality 
mortality 
extinction 
emigration 
immigration 
limiting  factors 
S-curve  pattern 
biotic  community 
biota 

ecosystem 

abiotic 

ecology 

ecological  niche 
producer 
consumer 
decomposer 


41—12  Decomposers  The  third  basic  niche  in 
ecosystems  is  that  of  the  decomposer  (de  kom  po'zor). 

The  role  of  the  decomposer  is  to  break  down  dead  matter, 
such  as  the  bodies  of  plants  and  animals.  Decomposers  are 

found  mostly  in  soil  and  in  the  mud  at  the  bottom  of  wapiti,  or  elk,  are  first-order 
oceans  and  bodies  of  fresh  water.  The  decomposers  in-  consumers  that  inhabit  the 

elude  bacteria  and  fungi,  many  of  which  are  seldom  western  United  States  and 

Canada.  A  population  usually  has 
summer  and  winter  ranges. 


Fungi,  such  as  these  mushrooms, 
are  decomposers.  By  releasing 
material  locked  up  in  dead 
organisms,  decomposers  help 
recycle  these  materials. 


observed  except  by  biologists  with  high-powered  micro¬ 
scopes.  But  their  role  is  extremely  important.  Their  decom¬ 
position  activities  unlock  nutrients  that  have  been  tied  up 
in  organisms.  They  release  those  nutrients  and  make  them 
available  for  organisms  that  are  alive  and  need  them. 


CHECK  YOUR  FACTS 

1.  What  is  a  population? 

2.  What  is  a  habitat? 

3.  What  is  the  difference  between  a  terrestrial  habitat  and  a 
freshwater  habitat? 

4.  What  four  factors  determine  the  size  of  a  population  over 
a  time  period? 

5.  How  do  these  four  factors  alter  the  population  size? 

6.  What  are  some  limiting  factors  that  affect  population  size? 


SUMMARY 

A  population  is  a  group  of  organisms  of  one  species  defined  in 
space  and  time.  A  local  population  may  exist  if  the  species 
range  extends  beyond  the  described  area.  A  habitat  is  where  a 
population  lives.  Land  habitats  are  called  terrestrial  habitats. 
Ocean  habitats  are  called  marine  habitats.  Freshwater  habitats 
are  water  habitats  that  are  not  in  an  ocean  or  sea.  The  size  of  a 
population  is  determined  over  time  by  natality  and  mortality, 
or  birth  and  death  rates.  Ecology  is  the  study  of  ecosystems. 
The  total  impact  of  a  population  within  the  ecosystem  in 
which  it  lives  is  called  the  niche  of  that  population.  The  three 
basic  niches  in  nearly  all  ecosystems  are  producers,  con¬ 
sumers,  and  decomposers. 


REVIEW  QUESTIONS 


1.  What  is  a  biotic  community? 

2.  In  what  ways  can  communities  vary? 

3.  What  characteristics  do  major  communities  of  the  same 
type,  such  as  pond  communities,  have  in  common  re¬ 
gardless  of  geographic  location? 

4.  What  is  ecology ? 

5.  What  interactions  are  there  in  an  ecosystem? 

6.  Explain  homeostasis  in  an  ecosystem. 

7.  What  is  homeostasis  in  a  population? 

8.  How  do  ecological  niches  and  habitats  differ? 

9.  How  does  a  producer  differ  from  a  consumer? 

10.  What  is  the  niche  of  a  decomposer? 


ANALYSIS  AND  APPLICATION 

1.  On  a  warm  fall  day  in  the  country,  a  man  is  seen  sitting 
outside  his  cabin.  He  looks  out  on  a  quiet  pond  that  sits 
near  him  in  the  pine  woods.  At  night,  deer  can  be  seen 
browsing  in  the  shrubs  and  herbs  nearby,  and  during  the 
day,  ducks  are  seen  swimming  and  feeding  in  the  pond. 
What  parts  of  this  scene  represent 

a.  populations? 

b.  habitats? 

c.  niche? 

d.  producers? 

e.  consumers? 

f.  abiotic  environment? 

g.  biotic  environment? 

h.  community? 

i.  ecosystem? 

2.  Construct  and  describe  an  imaginary  ecosystem.  Include 
at  least  two  producers  and  four  consumers. 

3.  Observe  the  area  surrounding  your  school. 

a.  What  producers  are  in  the  community?  This  can  be  an¬ 
swered  by  naming  species  or  by  using  such  terms  as 
trees,  herbs,  shrubs. 

b.  Are  the  producers  abundant  or  are  they  rare?  This  may 
be  answered  in  general  terms,  or  you  may  give  density 
figures. 

c.  If  there  are  different  groups  of  producers,  which  group 
seems  to  contribute  the  most  to  food  production? 

d.  Are  there  layers  of  producers? 

e.  What  consumers  are  in  the  community? 

f.  Which  consumer  orders  are  represented  in  the  com¬ 
munity  (first,  second,  and  so  on)? 

g.  How  many  niches  can  you  describe? 
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42—1  The  web  of  life  With  few  exceptions,  no 
single  population  can  live  alone.  Almost  every  population 
is  dependent  upon  other  populations  for  food,  shelter,  or 
reproduction.  This  is  one  of  the  most  important  concepts 
in  ecology.  All  life  is  like  a  web,  with  every  population 
linked  to  every  other  population  in  some  way.  We  shall 
discuss  the  nature  of  some  of  these  dependency  links. 


42—2  The  flow  of  energy  The  energy  for  life  origi¬ 
nates  in  the  sun  in  the  form  of  radiant  energy.  Radiant 
energy  strikes  the  earth  and  is  trapped  by  chlorophyll  in 
the  cells  of  producers.  The  radiant  energy  is  transformed 
into  chemical  energy  that  is  used  by  the  producers.  But 
some  of  that  energy  continues  to  flow  through  the  commu¬ 
nity.  It  flows  to  the  consumers  and  decomposers  that  either 
eat  the  producers  or  decompose  their  dead  bodies. 

42—3  Food  chains  and  webs  A  simplified  way  of 
explaining  the  energy  flow  in  a  community  is  with  the 
food  chain.  The  food  chain  describes  who  may  eat 
whom  in  a  community.  In  a  grassland  community,  a  food 
chain  might  consist  of  three  populations:  the  grass,  prong¬ 
horn  antelope,  and  wolf.  Or  it  might  consist  of  as  many  as 
five  populations:  grass,  beetle,  bird,  snake,  and  eagle. 

Each  level  in  a  food  chain  is  called  a  trophic  (trofik) 
level.  The  trophic  level  for  any  one  population  does  not 
always  remain  the  same.  For  example,  the  fox,  which  is 
normally  a  carnivore,  or  meat  eater,  sometimes  eats  ber¬ 
ries.  Part  of  the  time  the  fox  is  a  herbivore  (her'bs  vor), 
or  plant  eater,  and  occupies  a  different  trophic  level. 


The  red  squirrel  is  found 
throughout  the  forests  of  North 
America.  It  usually  feeds  on 
seeds  and  fruits  but  birds  are 
included  in  its  diet. 
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FIGURE  42- 1  An  example  of  a  simple  food  chain— plants  are  eaten  by  a 
deer,  which  in  turn  may  fall  prey  to  wolves. 


FIGURE  42-2 

The  actual  relationships  between 
producers  and  a  variety  of 
consumers  are  very  complex. 
These  relationships  may  be 


A  better  way  of  describing  who  may  eat  whom  in  a  com¬ 
munity  is  with  the  food  web.  The  food  web  shows  that 
the  energy  flow  is  variable,  with  animals  eating  a  variety  of 
other  animals. 
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This  red  fox  has  caught  a  ground  squirrel  for  its  dinner.  The  fox  includes  a 
variety  of  small  animals  and  also  plant  matter  in  its  diet. 


42—4  Energy  loss  in  the  community  As  energy 
flows  through  the  community  there  is  an  energy  loss  at 
each  trophic  level.  Much  of  this  loss  is  in  the  form  of  heat, 
which  is  lost  when  food  molecules  are  broken  down  in  the 
cells. 

There  would  be  less  energy  loss  in  the  community  if 
only  herbivores  fed  on  the  producers.  The  loss  in  this  first 
trophic  level  is  estimated  to  be  anywhere  from  80  to  90 
percent.  If  the  energy  flow  continues  through  the  second 
trophic  level,  through  a  carnivore,  there  is  an  additional 


FIGURE  42-3 

A  food  chain,  consisting  of  a  producer  and  four  levels  of  consumers 
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FIGURE  42-4  As  can  be  seen  from  this  diagram,  the  amount  of 
available  energy  decreases  at  each  higher  trophic  level  in  a  food  chain. 


energy  loss  of  80  to  90  percent.  If  the  energy  continues  to 
flow  through  more  carnivores,  two  things  happen.  One, 
there  is  a  continued  energy  loss.  Two,  a  limit  is  reached  on 
the  length  of  the  food  chain.  A  diagram  that  shows  energy 
loss  through  trophic  levels  is  called  an  ecological  pyra¬ 
mid  (ek  o  loj'a  ksl  pir'amid). 

The  preceding  discussion  has  an  important  lesson  for 
humans.  The  human  population  is  exploding  in  many 
parts  of  the  world.  Ecologists  predict  that  more  and  more 
people  will  starve  in  the  years  ahead.  To  help  solve  this 
problem,  the  human  food  chain  must  be  kept  as  short  as 
possible.  When  humans  eat  grains  and  other  plant  prod¬ 
ucts,  there  is  only  the  loss  of  energy  at  the  first  trophic 
level.  If  humans  eat  animal  products,  such  as  beef, 
chicken,  and  pork,  the  loss  in  energy  is  doubled  by  moving 
through  two  trophic  levels. 

42—5  Two  kinds  of  food  chains  There  are  two 
basic  kinds  of  food  chains  in  communities.  The  first  is  the 
grazing  (gra'zing)  food  chain,  which  is  the  type  that 
we  have  already  mentioned.  In  the  grazing  food  chain,  the 
herbivore,  or  grazer,  eats  the  producer.  Then  the  grazer 
may  be  a  dinner  for  carnivores. 

The  second  kind  of  food  chain  is  the  detritus  (di 
trl'tos)  food  chain.  Detritus  is  the  general  term  for  any 
dead  plant  or  animal  matter  that  is  in  the  process  of  being 
decomposed.  A  forest  community  is  a  good  place  to  find  a 


detritus  food  chain.  Only  about  10  percent  of  the  plant 
matter  produced  by  a  forest  is  eaten  by  grazers.  Most  of  the 
grazers  are  small  insects.  The  other  90  percent  ends  up 
mostly  as  leaves  and  twigs  on  the  ground.  That  is  when  the 
detritus  eaters  go  to  work.  Some  are  bacteria  and  fungi  that 
we  mentioned  earlier  as  decomposers.  But  there  are  nu¬ 
merous  other  populations,  such  as  millipedes,  earth¬ 
worms,  beetles,  and  crickets,  that  feed  on  the  detritus. 
They,  in  turn,  end  up  as  a  meat  dinner  for  various  carni¬ 
vores,  such  as  birds,  lizards,  and  salamanders. 


4-2—6  Symbiosis  Some  organisms  have  a  very  close 
physical  relationship.  This  relationship  is  called  sym¬ 
biosis  (sim  bl  o'sis)  and  literally  means  “living  together.” 

There  are  various  kinds  of  symbiotic  relationships.  At 
one  time,  symbiosis  was  considered  to  be  only  the  kind  of 
relationship  where  all  members  received  benefit  from  the 
association.  The  modern  view  is  that  symbiotic  relation¬ 
ships  may  or  may  not  be  a  benefit  to  any  or  all  members. 


42—7  Parasitism  One  type  of  symbiotic  relation¬ 
ship  is  called  parasitism  (par'a  si  tiz  am).  In  this  rela¬ 
tionship  one  organism  is  the  parasite  (par'a  sit),  the 

other  is  the  host.  The  parasite  lives  on  or  in  the  host,  from  The  tick  birds  eat  insect  parasites 
which  it  obtains  part  or  all  of  its  nourishment.  that  live  or  the  skin  of  the  zebra. 

The  relationship  between  the 
birds  and  the  zebra  is  symbiotic. 


We  have  already  discussed  several  kinds  of  parasites  in 
different  chapters  of  the  text.  Many  groups  of  plants  and 
most  groups  of  animals  include  some  members  that  are 
parasites.  They  include  certain  bacteria,  protozoans,  flat- 
worms,  roundworms,  segmented  worms,  and  a  host  of  dif¬ 
ferent  arthropods. 

42—8  Commensalism  One  of  the  simplest  of  the 
symbiotic  relationships  occurs  when  one  organism  ben¬ 
efits  from  a  relationship  and  the  other  is  not  affected.  Such 
a  relationship  is  called  commensalism  (ko  men'sa  liz 
am). 


The  anemone  fish  swims  among  the  tentacles  of  sea  anemones,  eating 
scraps  from  the  food  captured  by  the  sea  anemones. 
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Commensalism  is  common  in  marine  communities.  Usu¬ 
ally  the  relationship  exists  between  a  sessile  (stationary) 
plant  or  animal  and  others  that  are  mobile.  For  example, 
most  sponges  have  a  variety  of  small  organisms  in  the  cav¬ 
ities  of  their  body.  The  sponge  gets  no  benefit,  but  the 
other  organisms  obtain  shelter  and  protection  from  pred¬ 
ators.  Another  example  is  the  small  fishes  that  swim  among 
the  tentacles  of  sea  anemones  and  obtain  surplus  scraps  of 
food.  There  is  no  indication  that  the  anemone  benefits 
from  the  relationship. 

4-2—9  Protocooperation  A  step  beyond  com¬ 
mensalism  is  the  type  of  symbiosis  where  both  parties  ben¬ 
efit  but  the  association  is  not  essential.  This  kind  of  sym¬ 
biotic  relationship  is  called  protocooperation  (pro  to 
ko  op  9  ra'shsn). 

An  example  of  protocooperation  is  the  common  relation¬ 
ship  between  crabs  and  coelenterates,  such  as  the  sea 
anemone.  The  sea  anemone  grows  on  the  back  of  the  crab. 
This  benefits  the  crab  because  the  anemone  provides  cam¬ 
ouflage,  which  makes  it  difficult  for  predators  to  see  the 
crab.  Also  the  anemone  provides  protection  because  other 
animals  will  avoid  its  tentacles,  which  have  stinging  cells. 
In  turn,  the  anemone  benefits  by  being  transported  about 
and  provided  with  part  of  the  food  that  the  crab  captures. 

42—10  Mutualism  In  the  most  dependent  kind  of 
relationship,  each  party  depends  completely  upon  the 
other  for  its  survival.  This  kind  of  symbiotic  relationship  is 
called  mutualism  (myu'chu  9  liz  9m)  or  obligate 
(ob'  19  gat)  symbiosis. 

In  an  earlier  chapter  we  mentioned  the  mutualism  that 
exists  between  termites  and  the  protozoans  in  their  in¬ 
testine.  The  protozoans  break  down  cellulose  for  the  ter¬ 
mites,  and  the  termites  provide  food  and  shelter  for  the 
protozoans.  Experiments  have  demonstrated  that  termites 
will  starve  to  death  on  a  wood  diet  without  the  protozoans. 

Another  example  of  mutualism  is  the  relationship  be¬ 
tween  certain  plants  and  mycorrhizae  (ml  k9  rl'ze), 
which  are  fungi  that  grow  on  the  roots.  Many  trees,  when 
transplanted  to  a  different  region,  will  not  grow  unless  my¬ 
corrhizae  are  also  transplanted.  But  then,  with  the  mycor¬ 
rhizae  on  their  roots,  the  trees  may  grow  in  soil  so  poor 
that  crops  such  as  corn  and  wheat  cannot  survive.  The  ex¬ 
planation  is  that  the  mycorrhizae  use  their  unique  enzymes 
to  provide  minerals  that  would  otherwise  not  be  available. 
In  turn,  the  trees  provide  for  the  mycorrhizae  food  that 
they  make  in  their  leaves. 
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A  lichen  consists  of  an  algae  and  a  fungus  in  a  mutualistic  relationship. 
The  two  organisms  are  actually  classed  as  one  species. 


There  is  one  type  of  mutualistic  relationship  in  which 
the  two  organisms  are  classified  as  one  species.  This  is  the 
relationship  between  fungi  and  algae  in  the  structure 
called  a  lichen  (ll'kan).  The  fungi  protect  the  algal  cells 
and  hold  moisture  for  them.  The  algal  cells  provide  food 
by  photosynthesis.  The  two  components  of  a  lichen  have 
been  cultured  separately  in  the  laboratory.  But  they  are  so 
interdependent,  they  cannot  live  on  their  own  in  nature. 
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CHECK  YOUR  FACTS 


1.  What  relationships  link  populations  to  form  a  web  of  life? 

2.  How  can  we  say  that  the  energy  that  we  run  our  bodies 
with  comes  from  the  sun? 

3.  How  does  the  idea  of  a  food  chain  explain  the  flow  of 
energy  in  a  community? 

4.  How  does  a  food  web  differ  from  a  food  chain? 

5.  What  is  a  trophic  level? 


SUMMARY 

One  of  the  most  important  concepts  in  ecology  is  that  all  pop¬ 
ulations,  with  few  exceptions,  are  dependent  upon  other 
populations.  Chemical  energy,  originally  obtained  from  radi¬ 
ant  energy  from  the  sun,  is  said  to  flow  through  a  community. 
Food  chains  and  food  webs  trace  the  path  of  this  flow  from  or¬ 
ganism  to  organism.  Each  level  in  a  food  chain  is  called  a  tro¬ 
phic  level.  As  energy  flows  through  each  trophic  level,  energy 
is  lost  from  the  community.  The  longer  the  food  chain,  the 
more  energy  is  lost.  An  ecological  pyramid  illustrates  this  loss. 


REVIEW  QUESTIONS 

1.  How  does  the  number  of  organisms  at  the  top  of  a  food 
pyramid  compare  with  the  number  at  the  bottom? 

2.  What  is  an  ecological  pyramid? 

3.  Describe  two  kinds  of  food  chains. 

4.  What  is  detritus? 

5.  What  is  a  symbiotic  relationship? 

6.  What  is  a  parasite? 

7.  What  is  commensalism? 

8.  What  is  protocooperation? 

9.  What  is  mutualism? 

10.  What  type  of  relationship  do  lichens  typify? 

ANALYSIS  AND  APPLICATION _ 

1.  Your  seven-year-old  brother  has  brought  his  favorite 
geranium  plant  home  from  school,  and  he  wants  to  keep  it 
forever.  He  plans  to  put  the  pot  in  a  sunny  window  and 
water  it.  Explain  to  him  that  this  will  not  be  enough  to 
keep  it  alive  forever,  and  tell  him  what  else  he  must  do. 

2.  Often  birds  can  be  seen  sitting  and  pecking  at  the  coats  of 
cattle.  They  remove  insects  from  the  coats  of  the  cattle. 
What  kind  of  symbiotic  relationship  is  this? 

3.  How  might  parasitic  organisms  be  considered  beneficial  to 
humans? 
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Ecological  Cycles 

43—1  The  ecological  cycle  A  cycle  is  the  move¬ 
ment  of  something  in  a  circular  pattern.  An  ecological 
cycle  is  the  circular  movement  of  elements  or  compounds 
between  the  biota  and  the  physical  environment.  In  an 
ecological  cycle  some  element  or  compound  spends  part  of 
its  time  locked  up  inside  an  organism’s  body.  Then  it  may 
be  released  to  the  environment  during  the  organism’s  life¬ 
time,  or  it  may  be  returned  to  the  environment  after  the 
organism’s  death  by  the  action  of  decomposers.  In  this 
chapter  we  shall  discuss  four  of  the  most  important  eco¬ 
logical  cycles  and  their  variations. 

43—2  The  oxygen  cycle  About  2 1  percent  of  the  at¬ 
mosphere  is  made  up  of  oxygen.  Ecologists  think  that  prac¬ 
tically  all  of  this  oxygen  is  of  biological  origin.  They  think 
it  has  built  up  in  the  atmosphere  since  the  time  when 
photosynthetic  organisms  first  began  releasing  oxygen  as  a 
by-product.  Partial  evidence  for  this  belief  is  the  fact  that 
anaerobic  bacteria  are  poisoned  by  oxygen.  They  can  live 
only  in  oxygen-free  habitats.  Certain  blue-green  algae  have 
special  cells  that  protect  key  enzymes  from  oxygen 
poisoning. 

The  oxygen  cycle  involves  the  movement  of  oxygen 
back  and  forth  between  the  atmosphere  and  the  biota.  Pro¬ 
ducers  break  down  water  molecules  during  photosyn¬ 
thesis  and  release  molecular  oxygen  to  the  atmosphere.  Al¬ 
most  all  organisms  take  oxygen  from  the  atmosphere  and 
use  it  in  cellular  respiration.  The  oxygen  functions  in  the 
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PHOTOSYNTHESIS 


FIGURE  43-1 

The  oxygen  cycle  involves  the 

movement  of  oxygen  between  mitochondria  of  cells,  where  it  serves  as  a  hydrogen 

the  atmosphere  and  living  acceptor  and  forms  water. 

organisms.  r 

43—3  The  carbon  cycle  The  carbon  cycle  mainly 
involves  the  circulation  of  carbon  dioxide  (C02)  between 
organisms  and  the  atmosphere.  However,  the  atmosphere 
only  contains  about  0.03  percent  C02.  Carbon  dioxide  is  a 
raw  material  used  in  photosynthesis.  It  is  used  as  a  build¬ 
ing  block  upon  which  carbohydrates  and  other  organic 
molecules  are  formed.  Some  of  these  organic  molecules  are 
broken  down  by  respiration  in  the  producers  that  made 
them.  Carbon  dioxide  is  the  waste  product  of  such  respira¬ 
tion  and  much  of  it  goes  back  into  the  atmosphere. 

Carbon  compounds  also  flow  from  producers  through 
the  various  food  chains  in  the  community.  Animals  use 
many  of  the  carbon  compounds  for  their  own  respiration, 
thus  releasing  C02  to  the  atmosphere.  Decomposers  also 
use  the  carbon  compounds  and  release  C02. 
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Some  dead  matter  does  not  get  decomposed  and  be¬ 
comes  buried  in  the  earth.  In  the  past,  such  matter  devel¬ 
oped  into  fossil  fuels— coal,  oil,  and  natural  gas.  We  are 
now  in  the  process  of  cycling  that  carbon  back  to  the  at¬ 
mosphere.  Carbon  dioxide  is  released  to  the  atmosphere  in 
the  processes  that  burn  fossil  fuels  for  energy. 


43—4  The  carbon  dioxide  question  There  is  evi¬ 
dence  that  the  amount  of  carbon  dioxide  in  the  atmosphere 
has  increased  in  the  past  100  years.  Ecologists  once 
thought  this  increase  was  coming  from  the  increased  burn¬ 
ing  of  fossil  fuels.  Now  some  ecologists  think  that  the 
clearing  of  the  world’s  forests  may  be  equally  responsible. 
Forests  are  the  greatest  users  of  CO2.  The  increasing  car¬ 
bon  dioxide  in  the  atmosphere  has  created  an  important 
question.  Ecologists  call  that  question  the  carbon  diox¬ 
ide  question. 

Ecologists  are  concerned  about  any  buildup  of  carbon 
dioxide  in  the  atmosphere.  The  reason  is  that  C02  absorbs 
infrared  radiation  from  the  earth.  The  C02  in  the  atmo¬ 
sphere  serves  as  a  kind  of  heat  trap,  which  is  sometimes 

called  a  greenhouse  effect. 


C02  IN  ATMOSPHERE 


FIGURE  43-2 

The  carbon  cycle  involves  mainly 
the  use  of  atmospheric  CO-.,  by 
producers  for  photosynthesis  and 
the  returning  of  CO .  to  the 
atmosphere  through  respiration 
processes  and  the  burning  of 
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The  critical  question  is,  What  might  further  buildup  of 
CO2  in  the  atmosphere  do  to  the  overall  world  climate? 
There  is  a  possibility  that  the  overall  climate  of  the  world 
could  become  warmer.  It  could  melt  the  polar  ice  caps  and 
cause  severe  flooding.  It  could  also  increase  the  growth  of 
the  world’s  deserts.  This,  in  turn,  could  result  in  severe 
food  shortages  for  an  exploding  human  population. 

It  is  important  to  emphasize  that  there  is  little  evidence 
that  such  a  catastrophe  might  happen.  On  the  other  hand, 
there  is  not  enough  evidence  to  rule  out  the  possibility  of 
such  a  warming  trend.  That  is  enough  to  worry  ecologists 
and  cause  them  to  search  for  an  answer  to  the  carbon 
dioxide  question. 

43—5  The  nitrogen  cycle  The  nitrogen  cycle 

also  involves  the  atmosphere,  but  not  in  the  same  way  as 
the  carbon  and  oxygen  cycles.  Nitrogen  (N2)  makes  up 

FIGURE  43-3 

In  the  nitrogen  cycle,  certain  bacteria  and  blue-green  algae  fix 
atmospheric  nitrogen  into  compounds  that  are  usable  by  producers. 
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about  79  percent  of  the  atmosphere.  However,  it  cannot  be 
used  by  most  organisms.  It  must  first  be  “fixed”  by  a  select 
group  of  organisms,  which  are  a  few  species  of  bacteria 
and  blue-green  algae. 

Nitrogen  is  needed  in  all  amino  acids,  the  building 
blocks  of  proteins.  It  is  also  needed  in  many  other  com¬ 
pounds.  The  process  of  fixing  nitrogen  requires  organisms 
with  special  enzymes.  These  enzymes  unite  molecular  ni¬ 
trogen  into  nitrates  (nTtratz)  and  other  compounds  that 
organisms  can  use.  The  bacteria  and  blue-green  algae  that 
have  these  enzymes  are  called  nitrogen  fixers. 

About  40  percent  of  all  nitrogen  fixation  in  nature  is 
done  by  bacteria  that  belong  to  the  genus  Rhizobium  (rl 
zo'be  3m).  The  Rhizobium  bacteria  perform  their  work  as 
part  of  a  mutualistic  relationship  with  legumes 
(leg'yiims).  The  legumes  include  cultivated  plants,  such  as 
peas,  beans,  alfalfa,  and  soybeans.  The  bacteria  invade  the 
root  hairs  of  the  legume.  Eventually  they  reach  the  inside 
of  the  roots  where  they  cause  growths  called  nodules 
(noj'iils).  The  bacteria  live  in  the  nodules  and  carry  out 
their  activities,  which  include  nitrogen  fixation.  In  turn, 
they  benefit  from  this  mutualistic  relationship  by  receiving 
nutrients  and  shelter  inside  the  legume. 

Nitrogen  is  returned  to  the  atmosphere  by  the  process  of 
denitrification  (de  nl  tro  fo  ka'shan).  Denitrification 
breaks  down  nitrogen  compounds  and  releases  molecular 
nitrogen.  It  is  the  opposite  of  nitrogen  fixation.  Denitrifica¬ 
tion  is  caused  mostly  by  certain  species  of  denitrifying 
(de  nl'tra  fi  ing)  bacteria,  which  live  in  soil  and  fresh 
water. 

43—6  Nitrogen  fixation  and  people  Agricultural 
scientists  and  ecologists  are  concerned  that  nitrogen  fix¬ 
ation  in  nature  cannot  keep  up  with  the  nitrogen  demands 
of  cultivated  plants.  Originally  that  problem  was  solved 
with  natural  fertilizers  that  were  rich  in  nitrogen  com¬ 
pounds.  These  included  cow  manure  and  guano 
(gwa'no).  The  latter  is  a  nitrate  fertilizer  from  Chile,  made 
up  of  the  body  wastes  of  seabirds. 

Later,  a  chemical  process  was  developed  that  converted 
petroleum  and  natural  gas  to  ammonia.  Ammonia  is  an  ex¬ 
cellent  nitrogen  fertilizer.  While  petroleum  and  natural  gas 
were  cheap  it  seemed  that  the  nitrogen  fertilizer  problem 
was  solved.  Now,  however,  petroleum  and  natural  gas  are 
declining  in  quantity  and  increasing  in  price.  This  is  occur¬ 
ring  just  when  the  world  is  straining  to  reach  maximum 
production  of  its  agricultural  lands.  Many  people  tend  to 
think  of  the  energy  crisis  in  relation  to  finding  gasoline  for 


The  nodules  on  the  roots  of  this 
bean  plant  contain  bacteria 
capable  of  fixing  atmospheric 
nitrogen  into  nitrates. 


their  automobiles.  But  the  energy  problem  is  broader  than 
that.  The  shortage  and  increasing  costs  of  energy  will  have 
a  direct  effect  upon  the  amount  of  food  that  can  be  pro¬ 
duced  for  the  people  of  the  world. 

43—7  Nitrogen  fixation  research  Research  is 
now  underway  to  find  ways  to  turn  the  process  of  nitrogen 
fixation  back  to  nature.  This  research  is  proceeding  in  sev¬ 
eral  directions.  One  possible  solution  is  to  grow  nitrogen¬ 
fixing  bacteria  and  blue-green  algae  in  “fertilizer  ponds.” 
The  blue-green  algae  could  grow  on  the  surface  and  fix  ni¬ 
trogen.  The  bacteria  could  grow  at  the  bottom  of  the 
ponds,  live  on  the  dead  algae,  and  fix  nitrogen. 

Another  type  of  research  concerns  the  development  of 
new  strains  of  nitrogen-fixing  bacteria.  It  would  be  ideal  to 
develop  strains  that  would  grow  on  the  roots  of  cultivated 
plants  like  wheat,  corn,  and  rice.  With  this  research  there 
is  the  possibility  of  genetic  engineering.  For  example,  re¬ 
searchers  have  already  transferred  the  genes  for  making 
nitrogen-fixation  enzymes  from  one  species  of  bacteria  to 
another.  The  bacteria  that  received  the  genes  can  now  fix 
nitrogen.  Unfortunately  the  bacteria  that  received  the 
genes  are  not  the  type  to  grow  on  the  roots  of  cultivated 
plants. 

43—8  The  Water  Cycle  Life  on  earth  is  based  upon 
the  existence  and  the  use  of  water.  Organisms  consist  to  a 
large  degree  of  water  and  their  life  processes  require  it. 
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Human  activities  change  much  of  the  clean  natural  water 
into  sewage  and  polluted  industrial  effluents.  It  is  largely 
because  of  the  naturally  occurring  purification  process 
during  the  movement  of  water  through  the  water  cycle 
that  sufficient  amounts  of  potable  water  remain  for  con¬ 
sumption  by  living  organisms. 

Besides  cleansing,  the  redistribution  of  water  across  the 
globe  is  a  main  function  of  the  water  cycle.  Water  con¬ 
tained  in  the  ocean  reservoirs  and  in  lakes  and  rivers  is 
constantly  changing  from  its  liquid  state  to  vapour  through 
the  radiant  energy  of  the  sun.  This  process  is  known  as 
evaporation.  Evaporation  occurs  when  water  surfaces 
meet  the  atmosphere,  as  over  all  bodies  of  water,  above 
moist  soil,  and  on  the  surface  area  of  most  animals  and 
plants.  The  evaporation  of  water  from  plants  is  known  as 
transpiration. 

Water  vapour  moves  upwards  into  the  atmosphere 
where  it  cools  and  condenses  to  form  clouds,  given  the 
right  conditions.  The  movement  of  water  vapour  and 
clouds  is  responsible  for  the  redistribution  of  water.  As 
conditions  change,  clouds  return  their  water  content  to  the 
earth’s  surface  in  the  form  of  rain  or  in  frozen  form.  Some 
of  this  precipitation  may  evaporate  before  it  reaches  the 
ground;  a  large  volume  will  run  off  and  enter  bodies  of  wa¬ 
ter  or  return  to  the  atmosphere  through  transpiration  from 
plants.  Sooner  or  later,  most  water  will  re-enter  the  water 
cycle  and  start  the  process  over  again. 


Agricultural  practices  may 
deplete  the  soil  of  nitrogen 
compounds.  It  then  becomes 
necessary  to  add  fertilizers  if 
crops  are  to  be  grown. 
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FIGURE  43-4 

The  water  cycle  involves  the  cleansing  of  water  and  its  distribution  and 
redistribution  across  the  earth. 


In  recent  years,  a  process  that  affects  the  water  cycle  has 
begun  to  occur  more  frequently  as  a  result  of  human  activ¬ 
ity.  Known  as  acid  rain,  it  endangers  natural  habitats  on 
a  large  scale. 

43—9  Acid  Rain  Acid  rain  is  believed  to  form  when 
rain  falls  through  air  masses  near  industrial  areas.  This  air 
contains  pollutants  such  as  sulphur  dioxide  and  nitrogen 
oxides  that  originate  mostly  from  coal-burning  industrial 
concerns  and  large  chemical  factories.  The  high  acidity  of 
the  precipitation  kills  animal  life  in  lakes  and  rivers.  This  is 
a  serious  environmental  problem  as  within  a  couple  of 
decades,  thousands  of  Canadian  lakes  could  be  severely  af¬ 
fected  by  acid  rain. 
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CHECK  YOUR  FACTS 

1.  What  is  the  path  of  materials  during  the  ecological  cycle? 

2.  What  is  a  producer’s  primary  source  of  oxygen  that  is 
used  in  photosynthesis? 

3.  How  does  the  O2  cycle  make  the  CO2  cycle  possible? 

4.  What  is  the  C02  question? 


SUMMARY 

The  circular  movement  of  elements  or  compounds  between 
the  biota  and  the  physical  environment  is  called  an  ecological 
cycle.  Material  may  be  cycled  during  the  life  of  an  organism  or 
following  its  death.  Oxygen,  carbon,  and  nitrogen  are  cycled 
mostly  from  the  earth  and  organisms.  Ecologists  think  that  the 
oxygen  in  the  atmosphere  is  of  biological  origin.  Oxygen  is 
released  during  photosynthesis  and  consumed  during  respira¬ 
tion.  Carbon  is  cycled  primarily  as  carbon  dioxide. 


REVIEW  QUESTIONS 

1.  Why  are  nitrogen  fixers  necessary  to  make  nitrogen 
available  to  the  living  world? 

2.  Describe  what  happens  in  the  nitrogen  cycle? 

3.  Is  denitrification  part  of  the  grazing  food  chain  or  the 
detritus  food  chain? 

4.  How  is  the  nitrogen  cycle  tied  to  the  energy  problem  of 
the  world? 

5.  How  might  genetic  engineering  be  able  to  help  in  the 
nitrogen-fixing  problem? 

6.  Identify  the  force  that  drives  the  water  cycle  and  explain 
the  various  stages  through  which  the  water  cycle  carries 
out  its  functions. 

7.  What  are  the  two  main  functions  of  the  water  cycle? 

8.  Why  is  the  water  cycle  necessary  to  the  survival  of  the 
biotic  environment? 

9.  What  is  acid  rain  and  how  does  it  threaten  the  biotic 
environment? 

10.  What  areas  in  Canada  are  most  seriously  affected  by  acid 
rain?  Why? 

ANALYSIS  AND  APPLICATION 

1 .  A  common  farm  practice  is  to  alternate  the  crops  grown  in 
a  field.  Why  would  a  sugar  beet  farmer  consider  growing  a 
crop  of  beans  or  peas  in  the  beet  field  every  few  years? 

2.  How  are  ecological  cycles  an  example  of  interaction  in  an 
ecosystem? 


44  Ecological 


Succession 


Ecological  Succession 

44—1  The  available  niche  The  ecological  niche, 
or  niche,  is  the  total  role  of  an  organism  or  population  in  a 
community.  The  niche  includes  the  habitat.  The  niche  also 
includes  the  way  an  organism  or  population  “earns  its  liv¬ 
ing.”  By  earning  a  living  we  mean  the  way  an  organism 
finds  its  food  and  manages  to  survive  and  leave  offspring. 

There  is  an  expression  that  “nature  abhors  (dislikes)  a 
vacuum.”  That  expression  can  be  modified  to  express  an 
important  concept  of  ecology.  Any  available  niche  in  na¬ 
ture  will  eventually  be  filled  by  some  population.  What 
the  preceding  concept  means  is  this.  If  there  is  a  way  that  a 
population  can  “earn  a  living”  in  a  community,  sooner  or 
later  some  population  will  do  so.  This  does  not  mean  that  a 
niche  has  to  be  vacant.  It  usually  means  that  a  population 
takes  over  a  niche  that  is  occupied  by  a  less  qualified 
competitor. 

44—2  The  competitive  exclusion  principle 

What  if  a  niche  is  occupied  by  a  population?  Could  it  be 
shared  by  another  population,  or  must  it  be  taken  over? 
Ecologists  have  found  it  generally  true  that  no  two  popu¬ 
lations  can  share  exactly  the  same  niche.  Their  research  in¬ 
dicates  that  if  two  populations  have  to  share  the  same 
niche,  one  always  loses  out.  This  concept  is  called  the 
competitive  exclusion  principle. 

Often  two  or  more  populations  appear  to  share  the  same 
niche.  For  example,  one  field  study  attempted  to  explain 
how  four  different  species  of  honeybees  could  gather  nec- 
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tar  and  pollen  from  the  same  area.  The  study  showed  that 
each  species  had  a  different  tongue  length.  Each  species 
fed  mostly  on  different  flowers  and  at  slightly  different 
times  of  the  year,  avoiding  direct  competition. 

Another  study  was  done  on  two  species  of  cormorants. 
Cormorants  are  large  birds  that  swim  on  water  and  dive  for 
fish  and  other  animals.  Both  species  appeared  to  be  feeding 
in  the  same  manner.  But  it  was  discovered  that  one  species 
fed  on  animals  near  the  bottom.  The  other  fed  on  fish  and 
other  animals  at  midlevels,  so  that  the  two  were  not  in 
competition. 

44—3  Succession  in  the  community  Many  com¬ 
munities  undergo  changes  over  a  period  of  time.  The  num¬ 
ber  and  size  of  populations  change.  New  populations  enter 
the  communities  and  others  disappear. 


In  a  mature  hardwood 
community  the  dominant,  or 
climax,  vegetation  may  consist 
largely  of  beech  trees  and  oak 
trees. 
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In  a  mature  softwood  forest 
community  the  climax  vegetation 

The  sequence  of  changes  that  occurs  in  communities  is  consists  mainly  of  various  types 
called  ecological  succession  (sak  sesh'an),  or  succes-  of  pines  and  juniper  trees, 
sion.  Succession  occurs  as  new  populations  occupy  avail¬ 
able  niches.  Usually  there  is  more  than  one  population 
trying  to  succeed  in  any  one  niche.  This  results  in  com¬ 
petition,  and  the  best  competitors  end  up  as  the  final  occu¬ 
pants  of  the  available  niches. 

Each  community,  if  left  alone,  will  develop  into  a  mature 
community.  At  this  stage  the  final  occupants  of  the  avail¬ 
able  niches  have  eliminated  all  competition,  and  the  com¬ 
munity  is  in  climax.  It  is  common  practice  to  label  the 
dominant  types  of  vegetation  in  the  mature  community  as 
climax  vegetation.  An  example  is  a  mature  hardwood  for¬ 
est  community  where  the  climax  vegetation  is  beech  and 
oak  trees.  Another  example  is  a  mature  softwood  forest 
community  where  pine  and  juniper  trees  are  the  climax 
vegetation. 

44—4-  Characteristics  of  succession  One  charac¬ 
teristic  of  succession  is  that  it  is  predictable.  A  known 
sequence  of  dominant  plants  populates  a  prairie  region 
devastated  by  fire  or  drought.  Finally  the  area  shows  the 
familiar  groups  we  find  in  the  stable  mature  prairie  com¬ 
munity.  Along  the  lengthening  rock  channel  following  the 
toe  of  a  retreating  glacier  we  can  find  the  story  of  succes¬ 
sion  written.  It  is  the  same  story  we  think  was  played  out 
when  the  original  montane  forest  came  into  being. 
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A  second  characteristic  of  succession  is  that  it  results 
from  the  way  communities  change  their  physical  environ¬ 
ment.  For  example,  the  first  plants  to  invade  a  barren  area, 
called  pioneer  plants,  are  usually  those  that  need  direct 
sunlight.  But  as  they  grow  and  shade  the  ground,  the  phys¬ 
ical  environment  for  the  seeds  of  other  plants  change.  Now 
there  is  a  new  niche  for  plants  that  can  grow  in  shaded 
areas.  The  seeds  of  shade-tolerant  plants  now  grow  and  de¬ 
velop  in  this  new  niche.  By  the  next  growing  season,  the 
pioneer  plants  are  no  longer  present  because  their  off¬ 
spring  cannot  develop  in  the  shade.  There  is  a  succession 
from  one  kind  of  plant  to  another.  This  succession  resulted 
from  a  change  in  the  physical  environment  caused  by  the 
pioneer  plants. 

44—5  Primary  succession  Ecologists  classify  suc¬ 
cession  into  two  types.  The  first  type,  called  primary 
succession,  occurs  in  areas  where  no  plants  have  lived 
before.  Such  areas  include  sand  dunes,  lava  flows,  or  bare 
rock  that  has  been  exposed  by  a  retreating  glacier.  On  sand 
dunes  the  pioneer  plants  are  usually  grasses  and  other 
plants  with  root  systems  that  hold  the  sand  in  place.  Such 


The  first  pioneers  on  rocky  areas  are  often  lichens. 


646 


plants  also  provide  detritus,  which,  in  turn,  provides 
niches  for  microorganisms  and  small  animals.  The  detritus 
helps  hold  moisture  and  serves  as  a  seed  bed  for  the  seed¬ 
lings  of  small  trees.  As  the  trees  develop  they  provide 
niches  for  birds,  more  insects,  and  other  animals. 

Primary  succession  on  bare  rock  is  a  much  slower  pro¬ 
cess.  The  first  pioneers  normally  are  lichens,  which  can 
tolerate  strong  sunlight  and  the  dry  habitat  on  bare  rocks. 
The  lichens  break  down  the  rock,  the  first  stage  of  soil  pro¬ 
duction.  With  a  minimum  amount  of  soil,  other  plants  can 
become  established.  If  there  is  enough  moisture,  plants  like 
mosses,  liverworts,  and  ferns  may  fill  the  niches.  In  drier 
regions,  plants  adapted  to  living  with  little  moisture  will 
follow  the  lichens. 


44—6  Secondary  succession  The  second  type  of 
succession,  called  secondary  succession,  occurs  after  a 
natural  community  has  been  disturbed.  Such  a  disturbance 
could  be  a  natural  disaster  such  as  a  fire,  avalanche,  or 
earthquake.  Secondary  succession  often  results  from 
human  activities.  Logging,  mining,  and  farming,  are  the 
most  common  disturbances  that  are  followed  by  secondary 
succession.  Earlier  in  this  century,  a  severe  ten  year 
drought  settled  on  North  America.  It  changed  both  natural 

An  abandoned  farm  ripe  for 

succession 
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This  photo  of  shifting  sands  in  northwestern  Saskatchewan  is  an  example 
of  duning  as  it  occurred  during  the  Dust  Bowl  era.  Pioneer  grasses  are 
beginning  to  take  hold. 


and  developed  plant  communities.  Plants  whose  root  sys¬ 
tems  held  the  topsoil  together  died  from  lack  of  water. 
Winds  lifted  precious  soil  components  from  the  land  and 
left  them  in  barren  dunes.  The  midwest  earned  the  name  of 
Dust  Bowl.  With  the  return  of  the  more  familiar  rainfall 
patterns,  the  plant  communities  began  to  rebuild. 

Grasses  with  shallow  rooting  systems  grew  from  seeds 
scattered  by  the  deadly  winds.  Slowly  the  vital  nutrients 
were  restored  to  the  soil.  The  mat  of  roots  and  drying  plant 
substances  held  the  water.  The  wind  could  no  longer 
reach  the  surface  areas  with  excessive  force.  Deeper- 
rooted  grasses  and  shrubs  could  now  compete  with  the 
pioneer  species.  Where  there  was  more  abundant  water 
supply,  softwood  saplings  might  invade  the  area.  By  shad¬ 
ing  the  ground  they  were  able  to  replace  pioneer  species 
that  are  not  shade  tolerant.  The  numbers  and  kinds  of 
plants  now  approached  the  climax  population. 

The  pattern  found  at  this  stage  is  very  similar  to  the  one 
found  before  the  disaster.  The  rebuilding  of  an  earlier  pat¬ 
tern  of  vegetation  is  an  example  of  secondary  succession. 
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The  spiny  ridge  of  mountains  we  call  the  Rockies  was 
thrust  upward  from  the  ocean  floor.  Any  plants  which 
grew  on  this  emerging  land  were  scoured  away  by  a  mov¬ 
ing  cap  of  ice.  As  the  glaciers  melted  they  left  bare  rock 
without  soil  for  roots  to  penetrate.  In  many  places  on  the 
continent  this  melting  continues.  As  a  glacier  slowly  melts, 
it  exposes  a  steep-walled  valley  littered  with  rock  frag¬ 
ments.  In  a  canyon  length  of  only  a  few  kilometres  we  can 
see  the  progression  from  a  barren  wasteland  to  a  mature 
forest.  A  niche  is  created  which  can  be  filled  by  lichens 
clinging  to  the  rocky  surfaces.  Mineral  substances  are  dis¬ 
solved  and  rock  fragments  are  released.  Soil  begins  to  form 
along  the  stream  of  icy  meltwater.  Now  mosses  and  tiny 
alpine  plants  can  become  established.  With  this  new  com¬ 
munity  of  plants,  birds  and  other  animals  take  up  homes, 
bringing  seeds  from  other  areas.  Since  this  valley  is  sur¬ 
rounded  by  a  balanced  and  relatively  stable  ecosystem,  it 
matures  rapidly.  At  lower  levels  along  the  stream  it  blends 
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Glaciers  in  northern 
Saskatchewan  and  Banff  National 
Park,  Alberta.  When  glaciers 
melt,  the  exposed  and  barren 
rockstrewn  valleys  are  first 
invaded  by  those  most  hardy  of 
pioneers:  lichens. 


Eventually,  mosses  and  other  plants  take  a  foothold  in  the  once  barren 
valley.  Years  after  the  melting  of  the  glacier,  a  completely  new 
community  has  matured. 


perfectly  into  the  older  forest.  Eventually,  beaver  will  find 
sufficient  food  near  the  water  from  willows  and  poplars 
and  begin  to  dam  the  stream.  Now  the  pines  and  poplars 
which  have  their  roots  in  the  pond  water  will  die,  giving 
way  to  the  spruce  that  started  in  the  shady  dampness  of  the 
forest  floor. 


Infrared  photograph  of  a  mountainridge  in  British  Columbia.  These 
limestone  mountains  in  southeastern  British  Columbia  were  carved  out 
by  a  glacier  thousands  of  years  ago.  Rocks  appear  as  grey-white,  the  lake 
is  blue-black,  and  green  plants  are  seen  as  pink  or  red  areas.  The  pink 
circular  area  below  the  lake  shows  grasses  and  willow  trees.  On  the  grey- 
white  slopes,  pioneer  plants  reflect  a  light  pink  colour.  In  the  upper  right- 
hand  side,  the  red  area  marks  a  stand  of  poplar  trees. 


CHECK  YOUR  FACTS  

1.  What  is  an  available  niche? 

2 .  What  is  the  competitive  exclusion  principle? 

3.  What  is  a  niche? 

4.  What  is  ecological  succession? 


SUMMARY 

An  important  concept  in  ecology  is  that  any  available  niche  in 
nature  will  eventually  be  filled  by  some  population.  Some¬ 
times  an  available  niche  will  be  a  vacant  niche.  Usually,  how¬ 
ever,  the  available  niche  is  occupied  by  a  less  qualified 
competitor  and  is  taken  over  by  a  more  qualified  population. 
The  competitive  exclusion  principle  states  that  two  popu¬ 
lations  cannot  share  the  same  exact  niche  indefinitely.  How¬ 
ever,  even  the  tiniest  differences  are  often  enough  to  allow 
populations  to  avoid  direct  competition  and  thus  to  live  to¬ 
gether  in  similar  niches.  The  changes  that  occur  in  commu¬ 
nities  are  called  ecological  succession. 


REVIEW  QUESTIONS 


1.  What  are  the  interrelationships  upon  which  succession 
depends? 

2.  What  is  a  mature  community? 

3.  What  is  a  climax  community? 

4.  What  are  the  major  characteristics  of  succession? 

5.  What  is  a  pioneer  plant? 

6.  What  is  primary  succession? 

7.  What  are  the  typical  pioneer  plants  in  sand  dune 
succession? 

8.  Why  is  succession  on  bare  rock  slower  than  succession 
on  sand  dunes? 

9.  How  is  secondary  succession  different  from  primary 
succession? 


ANALYSIS  AND  APPLICATION  

1.  Why  is  succession  predictable? 

2.  In  recent  years  the  agencies  in  charge  of  our  large  forests 
and  range  lands  have  changed  their  fire-fighting  policy. 
They  no  longer  try  to  extinguish  every  natural  fire  (i.e.,  a 
fire  caused  by  lightning)  that  occurs  if  it  does  not  endan¬ 
ger  lives,  private  property,  or  large  populations  of  organ¬ 
isms.  What  reasons  might  these  agencies  have  for  this 
decision? 
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Habitat 


The  Freshwater  Habitat 

45—1  Types  of  freshwater  habitats  A  fresh¬ 
water  habitat  is  an  aquatic  habitat  that  is  not  a  sea  or  an 
ocean.  Freshwater  habitats  are  divided  into  two  types.  One 
is  the  standing-water,  or  lentic  (len'tik),  habitat.  Lentic 
habitats  include  lakes,  ponds,  swamps,  bogs,  and  tempo¬ 
rary  drainage  water,  such  as  the  common  “mudhole.”  The 
main  characteristic  of  a  lentic  habitat  is  the  lack  of  flowing 
water,  or  current,  through  the  body  of  water. 

The  second  type  of  freshwater  habitat  is  the  running- 
water,  or  lotic  (lo'tik),  habitat.  Lotic  habitats  have  a  cur¬ 
rent.  They  include  rivers,  streams,  and  springs. 

45—2  Limiting  factors  In  any  habitat  there  are 
limiting  factors  that  determine  whether  an  organism 
or  population  can  live  in  the  habitat.  In  freshwater  habitats 
there  are  five  main  limiting  factors. 

One  of  these  is  temperature.  Most  bodies  of  fresh  water 
have  a  temperature  range  that  is  narrow,  compared  to  land 
habitats.  The  organisms  that  live  in  the  water  are  adapted 
to  this  narrow  range  of  temperatures.  Drastic  changes, 
such  as  the  dumping  of  hot  water  into  a  body  of  water,  can 
destroy  many  forms  of  freshwater  life.  Thermal 
(ther'mM)  pollution  affects  freshwater  life  by  increasing 
the  temperature  of  the  water. 

A  second  limiting  factor  is  the  transparency  of  the  water. 
Transparency  is  a  measure  of  how  far  light  penetrates.  The 
amount  of  light  is  a  limiting  factor  on  photosynthetic  or¬ 
ganisms,  the  producers  in  the  freshwater  habitat. 
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SCIENCE  TERMS 


freshwater  habitat 

lentic 

lotic 

thermal  pollution 
neuston 
periphyton 
benthos 
plankton 
phytoplankton 
zooplankton 
nekton 
littoral  zone 
limnetic  zone 
profundal  zone 
rapids  zone 
pool  zone 


Brine  shrimp  are  free-swimming  crustaceans  and  part  of  the  zooplankton 
of  many  freshwater  habitats.  They  feed  largely  on  algae. 


Current  is  the  third  limiting  factor.  Current  creates  pres¬ 
sure  on  everything  in  the  water.  It  is  a  limiting  factor  on  all 
populations  that  do  not  have  special  adaptations  for  with¬ 
standing  the  pressure. 

The  fourth  limiting  factor  is  dissolved  oxygen.  Popu¬ 
lations  vary  in  the  amount  of  oxygen  that  they  need  in  the 
water.  Temperature  and  current  affect  the  dissolved  oxy¬ 
gen  content.  For  example,  cold  water  will  hold  more  dis¬ 
solved  oxygen  in  solution  than  warm  water.  Current  can 
be  related  to  dissolved  oxygen  content  because  moving 
water  usually  dissolves  more  oxygen  than  standing  water. 
A  strong  current  that  rumbles  over  rocks  and  forms  “white 
water”  will  cause  more  oxygen  to  be  dissolved. 

The  fifth  limiting  factor  is  dissolved  compounds.  For  ex¬ 
ample,  fresh  water  varies  in  its  contents  of  dissolved  ni¬ 
trates,  phosphates,  and  chlorides.  Some  of  the  dissolved 
compounds  are  essential  nutrients  that  all  organisms  need 
to  some  degree.  Others,  like  the  salt  in  most  salt  lakes,  have 
a  negative  influence.  The  only  animal  adapted  for  living  in 
that  water  is  the  brine  shrimp. 
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45—3  Ecological  classification  of  freshwater 
organisms  Ecologists  classify  organisms  in  fresh  water 
according  to  their  habitat  and  their  patterns  of  life.  Each 
population  is  placed  in  one  of  five  categories.  Organisms 
that  rest  or  swim  on  the  surface  are  the  neuston 
(nus'tan).  Those  that  are  attached  to  rooted  plants  or  ob¬ 
jects  sticking  up  from  the  bottom  are  the  periphyton  (pa 
rif'a  ton).  Those  that  live  on  the  bottom  or  in  the  bottom 
sediments  are  the  benthos  (ben'thos). 

This  leaves  two  more  categories  for  the  populations  that 
live  suspended  in  the  water  itself.  One  category,  the 
plankton  (plangk'tan),  includes  all  the  organisms  that 
are  suspended  in  the  water  but  swim  poorly  or  not  at  all. 
Much  of  the  plankton  is  made  up  of  small  organisms,  and 
many  are  microscopic.  The  plankton  is  further  classified 
into  two  types.  The  phytoplankton  (fi  to  plangk'tan),  or 
plantlike  plankton,  is  made  up  of  producers,  mostly  algae. 
The  phytoplankton  carries  on  photosynthesis  and  is  at  the 
beginning  of  grazing  food  chains  in  fresh  water.  The  zoo¬ 
plankton  (zo  a  plangk'tan),  or  animallike  plankton,  is 
made  up  of  consumers,  many  of  which  feed  on  the  phyto¬ 
plankton.  Much  of  the  zooplankton  is  made  up  of  small 
crustaceans,  such  as  Cyclops  and  Daphnia. 

The  final  category  is  the  nekton  (nek'ton),  which  is 
made  up  of  animals  that  are  good  swimmers.  These  include 
fishes,  amphibians,  turtles,  and  a  variety  of  insects. 
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The  water  flea,  Daphnia,  lives 
year  round  in  freshwater  lakes 
and  ponds.  It  feeds  on  bacteria 
and  algae  and  is  itself  food  for 
certain  fish. 


Diatoms  form  a  large  part  of  the  phytoplankton  community  in  both 
marine  and  freshwater  habitats. 


FIGURE  45- 1  A  lentic  habitat,  such  as  a  pond,  will  have  a  littoral  zone,  a 
limnetic  zone,  and  perhaps  a  profoundal  zone. 


The  larvae  of  damselflies  can  be 
seen  among  the  duckweed  in  the 
photograph  below. 


45—4  The  lentic  community  Lentic  communities 
have  three  zones,  each  with  their  own  characteristic  popu¬ 
lations.  The  zones  are  based  upon  the  degree  of  light  pene¬ 
tration.  The  littoral  (lit'sr  ol)  zone  is  the  shallow-water 
region  where  light  penetrates  all  the  way  to  the  bottom. 
The  limnetic  (lim  net'ik)  zone  is  an  open-water  zone.  It 
extends  downward  to  a  depth  where  there  is  enough  light 
for  good  photosynthetic  activity.  The  third  zone,  the 
profundal  (prs  fun'd^l)  zone,  is  the  deep  region.  In  the 
profundal  zone  there  is  not  enough  light  for  a  significant 
amount  of  photosynthesis  to  occur.  In  shallow  ponds, 
swamps,  or  bogs  there  is  usually  no  profundal  zone. 

The  littoral  zone  is  the  most  productive  part  of  lentic 
communities.  Often  there  are  rooted  plants  like  cattails, 
with  numerous  animals  attached  or  swimming  around 
them.  The  neuston  typically  includes  duckweed,  water 
striders,  and  small  black  whirligig  beetles.  The  latter  whirl 
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The  damselfly  nymph  is  an  inhabitant  of  the  littoral  zone  of  lentic 
communities.  It  feeds  on  aquatic  organisms  such  as  mosquito  larvae. 

around  in  circles  rapidly  when  they  are  disturbed.  The  lit¬ 
toral  zone  is  also  rich  in  plankton  and  in  certain  kinds  of 
fishes,  such  as  sunfishes  and  bass. 

The  limnetic  zone  consists  mostly  of  plankton  and  nek¬ 
ton  populations.  The  plankton  in  this  region  tends  to  be 
smaller  than  in  the  littoral  zone.  The  limnetic  nekton  con¬ 
sists  of  almost  all  fishes;  however,  an  occasional  turtle  may 
swim  through  the  zone. 

The  populations  living  in  the  profundal  zone  must  de¬ 
pend  upon  food  that  originates  in  the  littoral  or  limnetic 
zones.  The  major  organisms  here  are  bacteria  and  fungi, 
which  live  in  the  mud.  Various  kinds  of  worms,  small 
clams,  and  some  kinds  of  insect  larvae  are  also  found  here. 
Animals  that  survive  in  the  profundal  zone  have  to  be 
adapted  for  living  on  small  amounts  of  oxygen.  Many  of  the 
bacteria  of  the  region  are  anaerobic. 


The  dragonfly  nymph  is  also  an 
inhabitant  of  the  littoral  zone  and 
like  the  damselfly  nymph  often 
feeds  on  insect  larvae. 


The  sunfish  is  found  in  the  limnetic  zone.  Its  food  consists  of  small 
animals  such  as  insects,  worms,  and  other  fish. 


45—5  The  lotic  community  In  lotic  communities, 
which  include  rivers,  streams,  and  spring  habitats,  there 
are  two  zones.  One,  the  rapids  zone,  is  the  region  where 
the  current  is  strong  enough  to  keep  the  bottom  clear  of 
loose  material.  The  second  zone,  the  pool  zone,  is  the 
quiet  water  of  the  stream,  where  loose  materials  settle  on 
the  bottom. 

Organisms  living  in  the  rapids  zone  have  special  adapta¬ 
tions  for  surviving  the  pressure  of  the  moving  water.  Some 
have  hooks  and  suckers  that  they  use  to  hold  themselves  to 
a  firm  object.  Some  have  flattened,  streamlined  bodies. 
Others,  such  as  planarians  and  snails,  secrete  a  sticky  mate¬ 
rial  that  holds  them  in  place. 

Many  of  the  organisms  in  the  pool  zone  are  similar  to 
those  found  in  the  littoral  zone  of  lentic  communities.  For 
example,  it  is  common  to  find  duckweed,  water  striders, 
and  whirligig  beetles  in  the  neuston  of  a  lotic  pool  zone. 


The  larvae  of  caddis  flies  may  be  found  in  both  lentic  and  lotic 
communities  where  they  are  an  important  food  source  for  many  fish. 
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CHECK  YOUR  FACTS 

_ _ l _ l _ 

1.  What  is  the  difference  between  a  lentic  and  a  lotic  fresh¬ 
water  habitat? 

2.  What  are  the  five  limiting  characteristics  of  a  freshwater 
habitat  that  determine  what  organisms  live  there? 

3.  What  is  thermal  pollution? 


SUMMARY 

Any  aquatic  habitat  that  is  not  in  a  sea  or  ocean  is  called  a 
freshwater  habitat.  Standing-water  habitats  are  called  lentic 
habitats,  while  running-water  habitats  are  called  lotic  habi¬ 
tats.  Organisms  that  live  on  the  surface  are  called  neuston.  Pe¬ 
riphyton  live  attached  to  rooted  plants.  The  benthos  inhabit 
the  bottom  of  a  body  of  water.  Nekton  includes  the  free- 
swimming  organisms.  Plankton  includes  those  organisms  sus¬ 
pended  in  the  water.  Phytoplankton  are  producers,  while 
zooplankton  are  consumers.  Lentic  communities  have  three 
zones:  littoral,  limnetic,  and  profundic. 


REVIEW  QUESTIONS 

1.  Why  do  the  five  limiting  factors  of  a  freshwater  habitat  de¬ 
termine  which  organisms  live  there? 

2.  What  are  the  characteristics  of  the  three  groups  of  fresh¬ 
water  organisms  that  are  not  found  swimming  in  the  wa¬ 
ter  itself? 

3.  What  are  the  characteristics  of  the  two  groups  of  organ¬ 
isms  that  are  free  in  the  water? 

4.  What  are  the  characteristics  of  the  three  zones  of  a  lentic 
community? 

5.  What  is  a  source  of  food  in  the  profundal  zone? 

6.  What  are  the  two  zones  of  a  lotic  community? 

7.  How  are  the  pool  zones  of  the  lotic  habitat  similar  to  the 
littoral  zones  of  lentic  habitats? 

8.  What  difference  is  there  between  the  lotic  pools  and  the 
lentic  littoral  zone? 

ANALYSIS  AND  APPLICATION 

1  — - 

1.  Use  reference  books  on  freshwater  habitats  to  design  a 
lentic  community  with  at  least  two  organisms  in  each 
habitat.  Try  to  pick  organisms  that  you  can  find  in  the 
freshwater  communities  near  you.  Draw  the  organisms  in 
the  different  zones  and  label  them  with  their  common 
name. 


Habitat 


The  Marine  Habitat 

40—1  General  characteristics  The  marine 
habitat  is  the  sea  or  ocean  habitat.  It  is  the  largest  habitat. 

Marine  waters  cover  70  percent  of  the  earth’s  surface.  The 
water  in  the  marine  habitat  is  in  constant  motion.  These 
movements  are  caused  by  winds  and  tides.  The  main  circu¬ 
lation  of  the  marine  waters  is  of  two  types.  One  type  is  the 
ocean  current,  which  circulates  water  like  giant  rivers. 

Examples  of  major  ocean  currents  are  the  Gulf  Stream  and 
the  Labrador  Current.  The  Gulf  Stream  carries  warm  water 
from  the  semitropical  Caribbean  region  to  northern  Eu¬ 
rope.  The  Labrador  Current  brings  cold  northern  water  to 
the  east  coast  of  Canada. 

The  second  type  of  circulation  is  vertical.  Water  flows 
from  the  bottom  upward.  This  type  of  circulation  is  called 
upwelling  (up  welding).  Upwelling  is  very  important 
for  the  survival  of  marine  life.  Much  of  the  marine  detritus 
settles  to  the  deep  regions  of  the  ocean.  There  is  a  loss  of 
nutrients  from  the  communities  that  are  concentrated  near 
the  surface.  The  loss  of  nutrients  would  be  permanent  if  it 
were  not  for  upwelling.  Upwelling  causes  the  nutrients  to 
be  cycled  back  near  the  surface  where  they  can  be  used 
again.  The  most  productive  parts  of  the  ocean  are  regions 
where  there  is  strong  upwelling.  These  regions  are  gener¬ 
ally  in  areas  where  strong  winds  blow. 

40—2  Ecological  classification  of  organisms 

The  terms  used  to  classify  freshwater  organisms  also  apply 
to  those  in  the  marine  habitat.  The  poor  swimmers  are  the 
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plankton.  The  good  swimmers  are  the  nekton.  The  benthos 
live  in  or  on  the  bottom.  The  neuston,  or  top  dwellers,  and 
periphyton,  or  attached  forms,  are  unimportant. 

Another  term  that  is  often  used  by  marine  ecologists  is 
pelagic  (pa  laj'ik),  which  refers  to  all  life  in  the  open  wa¬ 
ter.  Pelagic  organisms  include  all  the  plankton,  nekton, 
and  neuston. 

46—3  Zones  in  the  marine  habitat  A  different 
set  of  terms  is  used  to  describe  the  various  life  zones  in  the 
marine  habitat.  One  of  the  zones  is  along  the  shoreline, 
which  is  sometimes  covered  by  water  and  sometimes  not. 
This  is  the  region  where  the  tides  ebb  and  flow,  and  it  is 
called  the  intertidal  (in  tar  tl'dal)  zone. 

Just  beyond  the  shoreline  the  bottom  slopes  gradually 
for  a  distance  and  then  drops  steeply  into  the  deep  ocean. 
The  gently  sloping  region  is  called  the  continental 
shelf.  The  water  over  the  continental  shelf  forms  another 
zone,  the  neritic  (ni  rit'ik)  zone.  Beyond  the  neritic  zone 
the  remainder  of  the  ocean  is  called  the  oceanic  zone. 


The  shoreline  or  coast  constitutes 
the  intertidal  zone  of  a  marine 
habitat.  Seaweed  and  barnacles 
are  examples  of  organisms  from 
this  zone. 
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Although  the  Antarctic  is  often  thought  of  as  being  unfavorable  to  life,  the 
green  color  of  the  water  indicates  that  it  is  teeming  with  organisms. 


The  three  zones  are  separated  from  each  other  on  a  hori¬ 
zontal  plane.  Other  zones  are  divided  on  a  vertical  plane, 
from  the  surface  to  the  bottom.  The  top  zone,  the 
euphotic  (yii  fot'ik)  zone,  is  the  zone  that  light  pene¬ 
trates.  The  euphotic  zone  is  thin,  but  in  some  tropical  wa¬ 
ters  it  may  extend  downward  for  100  to  200  m.  The  region 
below  the  euphotic  zone,  where  light  does  not  penetrate, 
is  the  aphotic  (a  fo'tik)  zone.  The  aphotic  zone  is  many 
times  thicker  than  the  euphotic  zone.  In  other  words,  most 
of  the  ocean  habitat  is  completely  dark.  A  third  zone  is  of¬ 
ten  used  to  define  the  deepest  parts  of  the  marine  habitat. 
This  is  the  abyssal  (s  bis'sl)  zone,  which  ranges  from 
2  000  to  5  000  m  below  the  surface. 

46—4  Energy  flow  in  marine  communities 

The  seed  plants  are  almost  absent  from  the  marine  habitat. 
The  producers  that  start  the  energy  flow  through  the  ma¬ 
rine  habitat  are  almost  entirely  the  phytoplankton.  The 
most  important  kinds  of  phytoplankton  are  very  small. 
They  include  diatoms  and  green  flagellates  that  are  sus¬ 
pended  in  the  top  layers  of  the  water. 
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FIGURE  46-1 


An  Antarctic  food  chain— a  killer 
whale  feeds  on  a  leopard  seal 
that  feeds  on  penguins,  the 
penguins  feed  on  fish  and  squid, 
these  feed  on  the  zooplankton 
which  in  turn  feed  on  the 
phytoplankton. 
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The  first-order  consumers,  or  grazers,  in  the  marine 
communities  are  the  zooplankton.  In  turn,  the  zooplankton 
are  eaten  by  a  variety  of  animals  including  the  largest 
animal  of  all,  the  blue  whale. 

46—5  Kinds  of  organisms  in  marine  commu¬ 
nities  There  are  certain  groups  of  organisms  that  are 
much  more  common  in  marine  communities  than  any¬ 
where  else.  These  include  the  red  and  the  brown  algae, 
sponges,  coelenterates,  mollusks,  annelids,  and  Crustacea. 
The  echinoderms  are  marine  animals,  and  they  are  not 
found  in  any  other  type  of  community.  The  insects,  which 
are  the  most  abundant  animals  on  the  land,  are  almost 
completely  absent  from  the  marine  habitat. 

There  is  an  interesting  difference  in  the  structure  of  ma¬ 
rine  communities  as  compared  to  those  in  fresh  water.  In 
marine  communities  there  are  many  more  sessile  (station¬ 
ary)  organisms  among  the  benthos  than  in  fresh  water. 
Many,  like  sponges  and  sea  anemones,  actually  look  like 
plants  growing  on  the  bottom. 

46—6  A  unique  community  There  is  one  unique 
kind  of  marine  community— the  coral  reef.  The  reef  itself 
is  a  huge  body  of  porous  limestone  material.  It  is  built  over 
many  years  by  tiny  coral  animals  and  other  organisms. 


This  damselfish  is  a  member  of  a 
coral  reef  community.  The  reef  is 
made  mostly  by  corals,  animals 
belonging  to  phylum 
Coelenterata. 
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What  is  unique  about  the  reef  is  that  it  is  a  complete 
ecosystem.  The  reef  community  has  its  own  producers  and 
consumers.  The  latter  include  a  variety  of  beautifully  col¬ 
ored  fishes  that  dart  in  and  out  of  the  reef  passageways. 

46—7  The  estuary:  another  unique  habitat 
An  estuary  (es'chii  er  e)  is  a  semienclosed  coastal  body 
of  water.  It  has  a  connection  to  the  sea  and  is  fed  with  fresh 
water  that  drains  from  the  land.  A  typical  estuary  is  the 
mouth  of  a  major  river.  An  example  is  Chesapeake  Bay. 
Other  estuaries  develop  behind  sand  bars  and  may  be 
called  such  names  as  sounds  and  salt  marshes. 


SCIENCE  TERMS 

ocean  current 

upwelling 

pelagic 

intertidal  zone 
continental  shelf 
neritic  zone 
oceanic  zone 
euphotic  zone 
aphotic  zone 
abyssal  zone 
coral  reef 
estuary 

brackish  water 
nursery  grounds 
mariculture 
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The  water  in  this  estuary  in  Georgia  is  brackish.  Many  organisms  are 
adapted  to  living  in  this  environment. 


Marine  farming,  called 

.  .  mariculture,  can  involve  the 

The  estuary  is  a  unique  habitat  because  of  its  water.  It  cultivation  of  edible  seaweed 

has  a  mixture  of  fresh  water  and  seawater,  which  is  called  (above)  and  various  types  of 
brackish  (brak'ish)  water.  The  salt  content  of  the  marine  animals, 
brackish  water  varies,  depending  upon  runoff  and  evapo¬ 
ration.  Most  species  of  the  biota  in  the  estuary  are  adapted 
for  the  habitat.  Many  are  not  found  elsewhere. 

Estuaries  are  extremely  important  habitats.  They  are 
more  productive  than  freshwater  or  marine  habitats.  They 
trap  nutrients  and  are  shallow  enough  for  photosynthesis 
to  occur.  Their  major  importance  is  their  function  as 
nursery  grounds  for  many  commercial  animals  and 
sport  fish.  Many  fish  from  the  ocean  come  to  the  estuaries 
to  spawn,  or  lay  eggs.  Many  commercial  types  of  shrimp 
spend  their  larval,  or  young,  stages  in  estuaries.  In  addi¬ 
tion,  the  estuary  is  the  main  habitat  for  such  animals  as  the 
oyster  and  the  crab. 

46—8  Estuaries  and  the  future  Marine  ecologists 
believe  that  estuaries  are  not  appreciated  by  enough 
people.  In  past  years  the  estuary  has  been  a  favorite  dump¬ 
ing  ground  for  many  kinds  of  wastes.  This  has  created  se¬ 
vere  pollution  in  some  estuaries  and  has  destroyed  oyster 
beds.  Pollution  has  also  made  food  from  certain  estuaries 
dangerous  to  eat. 

Marine  ecologists  believe  that  estuaries  have  great  poten¬ 
tial  for  food  production.  The  practice  of  “marine  farming,” 
called  mariculture  (mar'a  kul  char),  is  already  well  un¬ 
derway  in  Japan.  Mariculture  techniques  make  it  possible 
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The  harvesting  of  oysters,  clams,  and  many  types  of  fishes  depends  on 
keeping  their  natural  habitat,  the  estuary,  unpolluted. 


to  increase  the  production  of  oysters,  clams,  and  fish  many 
times  over  what  would  occur  naturally.  As  the  world 
grows  short  of  food  the  estuaries  are  likely  to  be  the  new 
frontier  for  a  generation  of  new  “farmers.”  This  is  another 
reason  why  marine  ecologists  wish  people  would  develop 
more  of  an  appreciation  for  estuaries. 

CHECK  YOUR  FACTS 

1.  What  are  some  characteristics  of  a  marine  habitat  that  dis¬ 
tinguish  it  from  a  freshwater  habitat? 

2.  What  is  an  ocean  current? 

3.  What  is  upwelling? 

4.  What  is  the  ecological  significance  of  upwelling? 

5.  What  kinds  of  organisms  are  found  in  oceans  as  well  as  in 
freshwater  habitats? 

6.  What  are  pelagic  organisms? 
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SUMMARY 


Oceans  and  seas  cover  about  70  percent  of  the  earth.  The  ma¬ 
rine  habitat  is  the  largest  habitat.  Water  in  the  oceans  is 
constantly  in  motion.  Winds  create  upwelling,  a  vertical 
movement  of  water  that  helps  circulate  nutrients  that  have 
settled  to  the  bottom.  Marine  organisms  are  classified  in  a 
manner  similar  to  freshwater  organisms.  The  intertidal  zone  is 
the  area  that  is  covered  and  uncovered  by  the  tides.  The  re¬ 
gion  over  the  continental  shelf  is  called  the  neritic  zone.  The 
oceanic  zone  refers  to  the  part  of  the  ocean  beyond  the  conti¬ 
nental  shelf.  The  area  where  light  can  penetrate  in  the  ocean 
is  called  the  euphotic  zone.  Beneath  it,  where  light  cannot 
reach,  is  the  aphotic  zone. 


REVIEW  QUESTIONS  

1.  What  is  characteristic  of  the  intertidal  zone? 

2.  What  forms  the  boundary  between  the  neritic  zone  and 
the  oceanic  zone? 

3.  What  vertical  marine  zone  is  found  in  the  intertidal 
region? 

4.  What  is  the  difference  between  the  aphotic  zone  and  the 
abyssal  zone? 

5.  What  kind  of  producer  is  present  in  freshwater  habitats 
and  generally  absent  in  marine  habitats? 

6.  What  is  the  most  common  kind  of  producer  in  the  ocean? 

7.  What  is  the  difference  between  community  structure  in 
freshwater  habitats  and  in  marine  habitats? 

8.  Why  is  the  coral  reef  a  unique  community? 

9.  What  is  an  estuary? 


ANALYSIS  AND  APPLICATION 

1.  What  groups  of  organisms  are  more  common  in  the  ocean 
communities  than  elsewhere?  Identify  some  common 
organisms  in  each  group. 

2.  Why  would  you  be  likely  to  find  the  same  species  of  mack¬ 
erel  in  the  Atlantic  and  Pacific  oceans  but  not  likely  to  find 
the  same  species  of  trout  in  the  rivers  of  North  America 
and  South  America? 
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deer  fill  the  same  niche  in  northern  Europe.  The  caribou 
and  reindeer  are  an  example  of  ecological  equivalents 
(i  kwivb  bnts),  which  are  organisms  with  similar  adapta¬ 
tions  for  filling  similar  niches. 

There  are  very  few  invertebrates,  amphibians,  and  rep¬ 
tiles  in  the  tundra.  The  insects  are  limited  in  terms  of  differ¬ 
ent  species.  However,  during  the  short  summer  a  few  spe¬ 
cies  of  insects  create  great  suffering  for  humans  and 
animals.  There  are  the  mosquitoes  and  biting  flies  (black 
flies  and  deer  flies).  They  fly  around  in  great  swarms  look¬ 
ing  for  food,  which  consists  of  blood  from  a  warm-blooded 
animal. 

47—5  The  northern  coniferous  forest  Below 
the  tundra,  in  North  America  and  Eurasia,  there  is  a  vast 
forest  biome.  It  is  called  the  northern  coniferous  for¬ 
est  or,  after  a  Siberian  word,  taiga  (tl  ga).  The  climax 
vegetation  is  the  conifers,  most  of  which  are  spruce,  fir, 
and  pine.  These  conifers  form  a  dense  forest  that  shades 
the  ground  and  prevents  the  growth  of  most  smaller 
plants.  Lichens,  mosses,  and  a  few  shrubs  and  herbs  man- 


The  caribou,  an  inhabitant  of  the 
tundra,  feeds  mainly  on  grasses, 
lichens,  and  mosses. 


The  arctic  seas  and  nearby  ice 
floes  and  land  masses  are  home 
to  the  harp  seal,  a  young  pup  of 
which  is  shown  below. 
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age  to  survive  in  the  under  story,  or  region  beneath  the 
trees. 

The  animal  life  is  more  varied  than  in  the  tundra,  with 
the  moose,  black  bear,  grizzly  bear,  grouse,  squirrel,  and  a 
much  greater  variety  of  insects.  Occasionally  certain  insect 
populations,  such  as  bark  beetles  and  budworms,  multiply 
rapidly  and  destroy  large  areas  of  the  forest. 

The  southern  part  of  the  taiga  produces  larger  trefcs  and 
has  more  economic  importance  than  the  northern  taiga. 
This  region  still  has  great  reserves  of  lumber. 


The  northern  coniferous  forest  is 
found  in  both  the  Western 
Hemisphere  and  the  Eastern 
Hemisphere.  Spruce,  fir,  and 
pine  make  up  the  climax 
vegetation. 


47—6  Moist  temperate  coniferous  forest  A 

unique  biome  exists  on  the  Pacific  coastal  region  of  North 
America.  It  stretches  from  central  California  to  Alaska  and 
is  called  the  moist  temperate  coniferous  forest.  In 

this  biome  there  are  two  limiting  factors  that  are  different 
from  those  in  the  taiga.  The  region  gets  much  more  mois¬ 
ture— up  to  380  cm  per  year.  In  fact,  it  is  often  called  a  rain 
forest.  The  climate  is  much  warmer  and  more  favorable  to 
plant  growth.  The  result  is  a  biome  with  huge  trees,  such 
as  the  redwood,  and  a  lush  growth  of  mosses,  lichens,  and 
smaller  plants  in  the  understory. 
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Once  common  on  the  temperate 

47—7  Temperate  deciduous  forests  A  de-  grasslands  of  North  America,  the 
ciduous  (di  sij'li  9S)  forest  is  one  where  most  of  the  bison  was  nearly  driven  to 
trees  lose  their  leaves  in  the  fall.  The  temperate  de-  exti,]ction.  it  was  saved  through 

ciduous  forests  are  found  mostly  in  eastern  North 
America  and  in  Europe.  In  past  centuries  the  trees  of  these 
forests  were  an  important  resource  that  helped  develop  the 
civilization.  Therefore  most  of  them  have  been  cut  or  dis¬ 
turbed  to  some  degree,  and  it  is  rare  to  find  one  in  its  natu¬ 
ral  condition. 

The  temperate  deciduous  forests  are  not  continuous  as 
are  the  tundra,  taiga,  and  moist  coniferous  forest.  There 
are  a  variety  of  communities,  varying  in  rainfall,  temper¬ 
ature,  and  climax  vegetation. 

47—8  Temperate  grasslands  Temperate 
grasslands  are  found  on  all  continents  except  Africa. 

Grasses  of  different  species  are  the  climax  plants.  Most  of 
the  communities  do  not  receive  enough  rainfall  to  grow 
trees.  The  original  grasslands  supported  large  herds  of 
grazing  animals,  such  as  buffalo.  Also  burrowing  animals, 
such  as  prairie  dogs  and  badgers,  were  common.  Now  the 
native  grasses  are  seldom  observed.  Many  grasslands  have 
been  replaced  with  domestic  grasses:  wheat,  oats,  barley, 
corn.  They  have  become  farms,  and  the  native  grasses  have 
mostly  died  out. 
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Some  grasslands  do  not  receive  enough  rainfall  to  sup¬ 
port  farm  crops.  These  grasslands  are  used  for  livestock 
grazing.  Such  areas  have  to  be  managed  according  to  their 
carrying  capacity.  The  carrying  capacity  of  a  grassland 
is  the  maximum  yield  that  it  can  produce  year  after  year.  If 
the  carrying  capacity  is  exceeded,  overgrazing  results. 
Overgrazing  will  eventually  kill  the  grasses,  including  their 
tremendous  root  system.  Their  root  system  holds  the  soil  in 
place.  Without  the  root  system  of  the  grasses,  the  soil 
blows  and  drifts.  Eventually,  through  a  process  called 
desertification  (dez  sr  tif  9  ka'shan),  the  grassland  is 
changed  into  a  desert. 

47—9  Tropical  savannas  Tropical  savannas 

are  grasslands  with  scattered  trees  or  dumps  of  trees.  They 
are  found  in  warm  regions  that  receive  up  to  150  cm  of 
rain  per  year.  However,  the  rainfall  is  seasonal  and  there  is 
a  dry  season,  often  with  fires  that  kill  the  trees. 

The  tropical  savanna  of  Africa  has  the  largest  number  of 
grazing  animals  in  the  world.  It  is  the  home  of  the  ante¬ 
lope,  zebra,  giraffe,  and  many  others.  It  is  also  the  home  of 
a  variety  of  well-known  predators  including  the  lion  and 
leopard. 


Grazing  animals  such  as  the  giraffe  and  oryx  inhabit  the  African  savanna 
along  with  predators  such  as  the  lion. 


This  moist  temperate  coniferous  forest  of  the  North  American  Pacific 
coast,  although  often  called  a  rain  forest,  differs  from  the  true  tropical  rain 
forest. 


Like  any  grassland,  the  tropical  savannas  can  be  de¬ 
stroyed  by  overgrazing.  If  cattle  are  introduced  to  replace 
the  native  animals,  desertification  could  occur  in  the 
savanna.  That  is  the  worry  of  some  African  nations  where 
the  change  from  native  animal  to  cattle  has  been  made. 


47—10  Tropical  rain  forests  The  tropical  rain 
forests  are  forests  of  evergreen  broad-leaved  trees  in  low 
altitude  regions  near  the  equator.  The  seasonal  temper¬ 
atures  vary  less  than  the  temperatures  between  night  and 
day.  The  rainfall  is  high,  averaging  over  220  cm  per  year. 
The  main  rain  forests  are  in  the  Amazon  and  Orinoco  ba¬ 
sins  of  South  America,  in  central  Africa,  and  in  certain 
parts  of  Southeast  Asia. 

The  tropical  rain  forests  have  a  greater  number  of  spe¬ 
cies  than  any  other  biome.  For  example,  there  may  be 
more  species  of  trees  within  a  few  acres  of  a  tropical  rain 
forest  than  throughout  all  of  Europe.  A  characteristic  of  the 
animal  life  is  that  many  of  them  are  arboreal  (ar  bor'e 
al),  or  tree-living.  Arboreal  animals  include  chameleons, 
iguanas,  snakes,  frogs,  and  a  variety  of  primates,  such  as 
monkeys,  gibbons,  and  orangutans. 


This  green  python,  an  inhabitant 
of  the  tropical  rain  forest,  is 
arboreal,  as  are  many  of  the 
animals  on  which  it  preys. 
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SCIENCE  TERMS 


terrestrial  habitat 
biomes 
tundra 
permafrost 

ecological  equivalents 
northern  coniferous  forest 
taiga 

understory 
moist  temperate 
coniferous  forest 
deciduous  forest 
temperate  deciduous  forests 
temperate  grasslands 
carrying  capacity 
desertification 
tropical  savannas 
tropical  rain  forests 
arboreal 

tropical  deciduous  forest 

deserts 

succulent 

chaparral 

tropical  scrub  forest 


Several  types  of  plants,  such  as  these  cactus  plants,  are  adapted  to  living 
in  the  dry  environment  of  the  desert. 


In  regions  that  receive  less  rainfall  than  the  tropical  rain 
forest,  an  intermediate  biome  is  usually  recognized.  This  is 
the  tropical  deciduous  forest,  which  is  typical  in  the 
monsoon  regions  of  India  and  Southeast  Asia.  The  trees  in 
the  deciduous  forest  lose  their  leaves  during  the  dry  season 
instead  of  during  the  winter. 

4-7—11  Deserts  Deserts  are  dry  lands  that  receive 
about  25  cm  of  rain  or  less  per  year.  Some  deserts,  such  as 
those  in  the  central  Sahara  and  in  northern  Chile,  receive 
little  or  no  rain. 

There  are  three  general  types  of  plants  in  deserts.  One  is 
the  annual  that  grows,  reproduces,  and  dies  within  a  short 
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time  after  moisture  is  present.  The  second  type,  called  a 
succulent  (suk'yo  lant),  is  a  plant  such  as  the  cactus, 
which  stores  water  in  thick  stems.  The  third  is  the  desert 
shrub,  with  small  leaves  that  can  be  shed  during  dry 
periods. 

Deserts  are  often  classified  into  three  types  on  the  basis 
of  temperature.  One  is  the  hot  desert— the  Mohave  Desert 
of  southern  California  is  an  example.  The  second  is  the 
cool  desert— such  as  the  sagebrush  lands  of  Nevada,  Ore¬ 
gon,  Alberta,  and  British  Columbia.  The  third  is  the  cold 
desert,  as  found  in  many  parts  of  the  Arctic. 

There  are  two  biomes  that  are  borderline  desert  areas, 
but  they  have  more  rainfall.  One  is  the  chaparral  (chap  a 
ral')  biome,  which  receives  good  winter  rainfall  but  little 
rain  during  the  summer.  This  biome  has  evergreen  trees 
and  shrubs  with  thick  leaves.  Southern  California  and 
northern  Mexico  have  large  chaparral  communities,  many 
of  which  are  now  used  for  orchards.  The  tropical  scrub 
forest  is  a  biome  with  characteristics  between  desert  and 
savanna.  The  tropical  scrub  forests  receive  uneven  rainfall 
and  have  scattered  trees  that  are  often  thorny  and  twisted. 


Sagebrush  is  often  the  most  prominent  vegetation  in  the  northern  desert 
areas  of  the  United  States  and  Canada. 
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The  variation  in  the  type  of 

vegetation  from  the  bottom  to  47—12  Mountains  Mountain  regions  cannot  be 
the  top  of  a  mountain  is  evident  classified  into  any  single  biome.  Instead,  a  mountain  range 
in  the  photograph  above.  will  jjave  a  variety  of  habitats  that  are  characteristic  of  sev¬ 

eral  biomes.  At  the  bottom  of  the  mountains  there  may  be  a 
desert  or  a  moist  coniferous  forest.  A  little  higher,  because 
of  the  lower  average  temperature,  there  may  be  a  grassland 
or  a  forest  like  the  taiga.  Still  higher,  at  the  timberline, 
there  may  be  a  region  where  grasses  but  no  trees  will 
grow.  The  region  above  the  timberline  may  resemble  the 
tundra  in  many  ways. 


CHECK  YOUR  FACTS 


1.  What  is  a  terrestrial  habitat? 

2.  What  are  the  three  environmental  limiting  factors  of  the 
land  habitat? 

3.  What  is  a  biome? 

4.  What  is  the  tundra? 

5.  What  factors  limit  the  type  of  climax  community  in  the 
tundra? 

6.  What  are  ecological  equivalents? 

7.  What  kinds  of  organisms  live  in  the  tundra  community? 


SUMMARY 


Land  habitats  are  terrestrial  habitats.  These  habitats  are  much 
more  varied  than  aquatic  habitats.  The  most  important  limit¬ 
ing  factor  on  land  is  the  availability  of  water.  Major  terrestrial 
communities  are  grouped  into  biomes,  which  are  usually 
named  after  the  type  of  climax  vegetation.  The  climax  vegeta¬ 
tion  is  an  indicator  of  the  climate  and  of  the  other  organisms 
in  the  biome.  The  tundra  is  a  treeless  plain  that  covers  much 
of  the  northern  part  of  the  world.  The  northern  coniferous 
forest  has  more  diversity  than  the  tundra.  The  moist  temper¬ 
ate  coniferous  forest  is  relatively  moist  and  warm.  Temperate 
deciduous  forests  have  been  largely  eliminated  by  civilizations 
that  needed  space  and  resources.  Mountain  ranges  usually 
have  a  variety  of  habitats  characteristic  of  several  biomes. 


REVIEW  QUESTIONS 

1.  What  are  the  characteristics  of  the  taiga  or  northern 
coniferous  forest? 

2.  What  is  an  understory? 

3.  How  do  the  moist  temperate  coniferous  forests  differ 
from  the  taiga? 

4.  What  is  a  deciduous  forest? 

5.  How  does  the  temperate  deciduous  forest  biome  differ 
from  the  biomes  of  the  tundra,  taiga,  and  moist  temper¬ 
ate  coniferous  forest? 

6.  Where  are  the  temperate  grasslands  found? 

7.  What  is  the  carrying  capacity  of  a  range? 

8.  What  is  the  danger  of  overgrazing? 

9.  How  are  tropical  savannas  different  from  temperate 
grasslands? 

10.  How  are  tropical  rain  forests  and  moist  temperate  co¬ 
niferous  forests  different? 


ANALYSIS  AND  APPLICATION 

1.  Explain  why  the  tropical  savannas  contain  the  largest 
number  of  grazing  animals  in  the  world. 

2.  If  the  tropical  rain  forests  contain  the  greatest  variety  of 
vegetation  of  all  the  biomes  in  the  world,  why  have  not 
people  centered  their  civilizations  in  this  biome? 

3.  In  some  mountain  areas,  forests  are  found  only  on  the 
north-facing  slopes  and  shrubs  and  grasses  grow  on  the 
south  slopes.  How  can  these  two  different  biomes  both 
exist  in  a  mountain  area  at  the  same  altitude  and  under  the 
same  climatic  conditions? 
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48  People  and 


Ecology  and  the  Human  Population 

48-1  A  legend  There  is  a  legend  that  will  help  us  ex¬ 
plain  how  people  are  related  to  ecology.  It  is  a  legend  of  a 
Persian  king  who  received  a  beautiful  chessboard  as  a  gift 
from  a  clever  man.  “How  can  I  repay  you?”  asked  the  king. 

The  clever  man  replied,  “You  can  give  me  1  grain  of  rice 
for  the  first  square  on  the  chessboard,  2  grains  for  the  sec¬ 
ond  square,  4  grains  for  the  third  square,  and  so  on,  dou¬ 
bling  the  rice  for  each  of  the  sixty-four  squares.”  The  king 
was  happy  to  agree  with  the  bargain.  He  brought  rice  from 
his  stores,  and  his  servants  began  counting  out  the  grains. 

One  for  the  first  square,  2  for  the  second,  4  for  the  third,  8 
for  the  fourth,  and  16  for  the  fifth.  They  continued  count¬ 
ing,  with  128  on  the  eighth;  1  024  on  the  eleventh;  16  384 
on  the  fifteenth;  524  288  on  the  twentieth;  and  16  777  216 
on  the  twenty-fifth.  By  the  twenty-eighth  square,  the  count 
reached  over  a  thousand  million,  and  by  the  fortieth 
square,  a  million  million.  Long  before  all  sixty-four  squares 
on  the  chessboard  were  used,  the  clever  man  had  taken  all 
the  rice  in  Persia. 

The  legend  of  the  Persian  king  is  a  good  example  of  a 
growth  pattern  that  must  be  understood.  The  pattern  is 
called  exponential  (eks  po  nen'shal)  growth.  Expo¬ 
nential  growth  proceeds  at  a  constant  percentage  of  the 
whole  over  a  constant  period  of  time. 

48—2  Exponential  growth  and  people  The  hu¬ 
man  population  is  growing  at  an  exponential  rate.  For  ex¬ 
ample,  the  world  population  is  growing  at  about  1.7 
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The  rapid  deforestation  that  often 
accompanies  human  population 
growth  can  make  wood- 
gathering  for  cooking  a  difficult 
task. 


percent  per  year.  Perhaps  1.7  percent  does  not  seem  to  be 
a  very  high  growth  rate.  But  everything  depends  upon  the 
base  figure  that  is  multiplied:  1.7  percent  of  1  000  equals 
17. 


1  000x0.017  =  17 

And  1.7  percent  of  1  000  000  equals  17  000. 

1  OOO  000  X  0.017  =  17  000 

But  1.7  percent  of  4  000  000  000,  which  is  the  approx¬ 
imate  world  population,  equals  68  000  000. 

4  000  OOO  OOO  x  0.017  =  68  OOO  OOO 

Stop  and  think  what  that  really  means.  It  means  68  mil¬ 
lion  more  human  beings  have  to  be  fed,  clothed,  and 
housed  every  year.  This  is  186  301  more  people  every  day! 

68  OOO  OOO  -r  365  =  186  301 


48—3  What  if  the  growth  rate  declines?  From 
time  to  time,  the  subject  of  the  growing  human  population 
appears  in  newspapers  or  on  television.  The  coverage  is 
usually  emphasized  if  there  is  any  news  of  a  declining  rate 
of  growth.  World  Growth  Rate  Declines  is  a  typical  head¬ 
line,  and  such  a  headline  is  usually  misunderstood. 

Let  us  suppose  that  at  some  future  time  there  is  a  dra¬ 
matic  drop  in  the  population  growth  rate.  Let’s  say  that  the 
rate  drops  from  1.7  percent  to  1.5  percent.  What  would 
this  mean  in  actual  people?  Here  is  the  calculation: 

4  OOO  OOO  OOO  x  0.015  =  60  OOO  OOO 
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The  1.5  percent  growth  rate  would  mean  60  million 
more  people  per  year,  or  164  384  more  people  every  day. 
That  is  still  a  tremendous  number  of  people.  It  is  enough  to 
fill  a  city  with  1  1 50  688  people  every  week! 

48—4  Concerns  of  ecologists  Ecologists  are  con¬ 
cerned  about  human  population  growth,  which  they  call 
an  “explosion.”  They  are  concerned  for  several  reasons. 

They  are  concerned  about  deforestation  (de  for  s 
sta'shan).  This  is  the  process  by  which  forests  are  cut 
down  without  being  replaced.  Deforestation  is  occurring 
all  over  the  world  at  a  very  rapid  rate.  Forests  are  being 
converted  to  farmland  that  will  feed  the  exploding  popu¬ 
lation.  Forests  are  providing  wood  to  build  housing  for  the 
new  people.  And  forests  are  being  cut  down  for  firewood. 
About  one  third  of  the  world’s  people  use  firewood  for 
heating  and  cooking.  But  the  ecological  results  have  be¬ 
come  disasters.  Deforestation  in  the  Himalaya  Mountains 
has  speeded  up  the  runoff  from  rain  and  melting  snow. 
Lowland  rivers  carry  away  tons  of  soil  that  have  washed 
down.  Floods  are  now  common,  and  many  thousands  of 
people  sometimes  die  from  them. 

A  second  concern  of  ecologists  is  the  process  of  deser¬ 
tification.  Throughout  history,  many  societies  have  over- 
grazed  their  grasslands.  They  have  exceeded  the  carrying 
capacity  of  the  grasslands,  killing  the  grasses  and  the  roots 
that  held  the  soil.  Now,  with  an  exploding  population  to 
feed,  there  is  concern  that  the  desertification  rate  will  in¬ 
crease.  With  60  to  80  million  more  people  to  feed  each 
year,  the  pressure  to  overgraze  will  become  much  greater 
than  it  is  now. 


Deforestation  can  increase  the 
danger  of  floods  that  cause  loss 
of  human  life  and  destruction  of 
property  and  topsoil. 
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48—5  Energy  complicates  the  concerns  Most 
people  now  realize  that  the  world  is  running  out  of  cheap 
sources  of  energy.  This  complicates  the  ecological  con¬ 
cerns  that  we  have  discussed.  Consider  what  must  happen 
to  the  people  who  depend  on  firewood  for  energy.  Each 
year  more  people  will  want  a  decreasing  supply  of  oil 
products. 

Eventually  many  people  will  cut  down  all  their  forests 
and  use  up  all  the  available  firewood.  What  will  they  do 
then?  They  may  do  as  many  people  in  India  are  doing  now. 
They  may  burn  animal  manure.  However,  this  would  cre¬ 
ate  more  problems.  Animal  manure  is  a  valuable  fertilizer 
on  croplands.  Burning  destroys  that  value.  The  high  cost  of 
energy  has  put  the  cost  of  commercial  fertilizer  out  of 
reach  of  these  same  people.  To  stay  warm  and  to  be  able  to 
cook  their  food,  people  have  had  to  sacrifice  the  fertility  of 


While  most  people  in  North 
America  are  adequately 
nourished,  many  people 
throughout  the  world  suffer  from 
malnutrition. 
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Farming  methods  that  utilize  animals  to  till  the  land  do  not  use  up  scarce 
fossil  fuel.  However,  food  for  the  animals  may  mean  less  for  humans. 


SCIENCE  TERMS 


exponential  growth 

their  croplands.  But  that  leads  to  decreased  crops  at  the  deforestation 
time  when  more  people  need  food.  The  result  is  hunger 
and  eventual  starvation. 

Consider  one  more  way  the  high  cost  of  energy  com¬ 
plicates  and  worsens  ecological  problems.  About  one  third 
of  the  world’s  cropland  is  cultivated  with  draft  animals, 
such  as  cows,  water  buffalo,  and  horses.  These  animals  re¬ 
quire  a  tremendous  amount  of  food,  much  of  it  coming 
from  grasslands.  But  it  is  unlikely  that  tractors  or  other 
gasoline-powered  machinery  will  take  their  place.  Because 
of  the  high  cost  of  energy,  people  may  have  to  depend 
more  than  ever  upon  draft  animals.  But  what  will  that  do? 

More  draft  animals  will  require  more  land  and  food.  Much 
of  that  land  and  food  will  have  to  be  subtracted  from  what 
is  now  used  for  humans.  The  net  result  again  is  hunger  and 
more  starvation. 


48—6  Limiting  factors  and  the  S-curve  The 

main  concern  of  ecologists  is  the  exploding  human  popu¬ 
lation  and  the  S-curve.  Most  other  populations  grow  slowly 
at  first,  as  the  human  population  did  for  many  centuries. 
Then  they  reach  a  stage  where  the  human  population  is 
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FIGURE  48-1 

A  growth  curve  for  a  population  of  yeasts  is  graphed  above.  Limiting 
factors  always  act  to  control  population  size. 


right  now,  where  there  is  very  rapid  growth.  But  other 
populations  always  face  limiting  factors  that  slow  the 
growth  and  cause  the  growth  curve  to  level  out  again.  Will 
this  happen  to  the  human  population? 

Ecologists  believe  there  is  zero  probability  that  the  hu¬ 
man  population  can  continue  to  grow  at  the  present  rate. 
Eventually  the  earth  would  become  stacked  with  people, 
but  we  would  be  out  of  resources  long  before  then.  So 
there  is  only  one  other  probable  thing  that  can  happen. 
Limiting  factors  of  some  kind  will  slow  the  population 
growth  rate.  But  what  will  the  limiting  factors  be? 

Will  they  be  starvation  and  disease?  Will  they  be  deaths 
from  wars  over  dwindling  resources?  Will  they  be  from  ac¬ 
cumulated  wastes  and  pollution?  What  are  the  other  possi¬ 
bilities?  The  ecologist  can  only  tell  us  that  limiting  factors 
always  check  the  growth  of  populations.  The  choice  and 
management  of  limiting  factors  on  the  human  population 
is  in  the  hands  of  all  people.  The  ecologist  can  only  edu¬ 
cate.  The  people  in  general  are  the  ones  who  must  make 
choices  and  take  actions. 

You  have  now  been  educated.  You  now  know  about  the 
exploding  population  and  that  limiting  factors  must  even¬ 
tually  stop  this  growth  pattern.  What  limiting  factors 
would  you  prefer  to  see  in  operation?  At  this  time,  there  is 
still  a  choice.  But  with  186  301  more  people  tomorrow, 
and  186  301  more  people  the  next  day  ...??? 
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CHECK  YOUR  FACTS 

1.  What  is  exponential  growth? 

2.  What  is  deforestation? 

3.  What  factors  may  limit  the  growth  of  the  world 
population? 


SUMMARY 

The  pattern  of  exponential  growth  can  generate  enormous 
numbers  in  a  surprisingly  short  time.  The  human  population 
is  growing  exponentially  at  a  rate  of  about  2  percent  a  year. 
Even  if  this  rate  declines,  hundreds  of  thousands  of  humans 
will  be  added  to  the  population  every  week.  Ecologists  are 
concerned  about  deforestation.  This  occurs  as  people  need 
more  space  and  resources.  Valuable  grazing  lands  are  also 
being  destroyed  by  overgrazing.  As  more  food  is  needed  the 
pressure  to  overgraze  becomes  greater.  Energy  shortages  will 
probably  encourage  additional  deforestation  as  people  use 
wood  for  energy.  Certain  limiting  factors  normally  operate  to 
slow  the  population  growth  of  species. 


REVIEW  QUESTIONS 

1.  What  would  a  2  percent  increase  in  world  population  rep¬ 
resent  in  the  number  of  new  people  each  day  if  the  world 
population  at  the  present  time  is  determined  to  be  4.5 
thousand  million  people? 

2.  How  many  people  would  be  added  daily  to  the  human 
population  even  if  the  world  growth  rate  were  to  drop  as 
much  as  50  percent? 

3.  What  is  a  population  explosion? 

4.  How  does  the  size  of  the  world  population  influence  the 
rate  of  deforestation? 

5.  What  are  the  dangers  of  deforestation? 

6.  What  is  desertification  and  how  does  it  occur? 


ANALYSIS  AND  APPLICATION 

1.  How  does  the  high  cost  of  energy  complicate  and  worsen 
human  ecological  problems? 

2.  Once  the  processes  of  desertification  and  deforestation  oc¬ 
cur,  why  is  it  very  unlikely  that  the  biomes  can  be  reestab¬ 
lished  right  away? 

3.  Is  there  any  chance  that  the  world  population  could  some¬ 
how  continue  to  increase  at  the  present  rate  forever?  Give 
a  reason  for  your  answer. 


UNIT  8  REVIEW 


1.  What  is  the  difference  between  an  ecosystem  and  a 
habitat? 

2.  List  some  of  the  limiting  factors  on  the  size  of  a  popu¬ 
lation  of  organisms. 

3.  Prepare  a  simple  food  chain  showing  the  relationship 
between  at  least  four  different  organisms. 

4.  Define  the  following  terms:  symbiosis,  parasitism,  com¬ 
mensalism,  mutualism. 

5.  How  are  decomposers  important  to  the  web  of  life? 

6.  Explain  the  relationship  between  respiration  and  pho¬ 
tosynthesis  in  the  oxygen  cycle. 

7.  What  is  the  difference  between  nitrogen  fixation  and  de¬ 
nitrification?  Why  are  they  both  important  processes? 

8.  State  the  competitive  exclusion  principle.  How  does  this 
principle  help  explain  the  process  of  succession? 

9.  Discuss  the  three  zones  that  exist  within  lentic 
communities. 

10.  Oil  spills  in  the  ocean  can  seriously  endanger  sections  of 
the  marine  habitat.  Find  out  what  steps  are  being  taken 
to  develop  new  methods  of  dealing  with  such  oil  spills. 

11.  Discuss  the  horizontal  and  vertical  zonation  of  the  ma¬ 
rine  habitat. 

12.  Cities  and  farmlands  have  replaced  most  of  the  natural 
communities  in  many  biomes.  However,  the  original 
populations  often  still  exist  to  a  lesser  degree.  Try  to  de¬ 
termine  the  type  of  biome  that  your  living  area  is  part  of, 
even  if  much  of  the  natural  biota  has  been  eliminated. 

13.  Why  do  mountain  ranges  show  a  variety  of  biomes  in¬ 
stead  of  simply  one? 

14.  Prepare  a  report  on  the  possible  hazards  to  the  environ¬ 
ment  that  might  be  caused  by  the  release  of  fluorocar¬ 
bon  compounds  into  the  atmosphere. 
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APPENDIX  1 


Kilojoule  Guide 

for  Some  Common  Foods 


Food 

Quantity 

Kilojoules 

Beverages 

Chocolate-flavored  drink 
made  with  milk 

180  mL 

874 

Chocolate-flavored  drink 
made  with  water 

180  mL 

571 

Chocolate  milk  shake 

240  mL 

1768 

Cocoa  with  milk 

180  mL 

1029 

Coffee  with  sugar  and  milk 

250  mL  (1  cup) 

126 

Cola  drinks— diet 

180  mL 

4.2  to  16.8 

Cola  drinks— sweetened 

180  mL 

328 

Ice-cream  soda 

240  mL 

966 

Orange  juice— fresh 

240  mL 

462 

Skim  milk— fortified 

240  mL 

609 

Tomato  juice 

240  mL 

189 

Whole  milk 

240  mL 

672 

Breads 

Bran  muffin 

1 

475 

English  muffin 

1 

567 

Frankfurter  roll 

1 

504 

French  bread 

1  slice 

244 

Italian  bread 

1  slice 

231 

White  bread 

1  slice 

273 

Cereals  and  Pasta 

Corn  flakes— plain 

250  mL  (1  cup) 

420 

Corn  flakes— sugared 

250  mL  (1  cup) 

651 

Oatmeal 

250  mL  (1  cup) 

546 

Pizza  with  cheese 

1  slice 

111 

Shredded  wheat 

1  biscuit 

378 

Spaghetti  with  tomato 
sauce  and  cheese 

250  mL  (1  cup) 

1092 

Candy 

Candy  bar 

43  g  to  71  g 

588  to  1411 

Dairy  Products 

Cottage  cheese— creamed 

28  g 

126 

Food 

Quantity 

Kilojoules 

Cream  cheese 

28  g 

445 

Ice  cream 

1  large  scoop 

630  to  1050 

Ice  milk 

1  large  scoop 

420  to  630 

Sugar  cone 

1 

189 

Swiss  cheese 

28  g 

441 

Desserts 

Brownie  with  nuts 

1 

399 

Cake— angel  food 

1  small  slice 

567 

Chocolate-chip  cookies 

1  cookie 

210 

Chocolate  pudding 

125  mL  (Vz  cup) 

806 

Cupcake— iced 

1 

546 

Pie 

1  average  piece 

1260  to  1890 

Eggs 

Eggs— fried 

1 

517 

Egg— soft-  boiled 
or  poached 

1 

336 

Fish  and  Seafood 

Fish  sticks— breaded 

114  g 

840 

Haddock— fried 

1 14  g 

794 

Lobster— broiled 

1 14  g 

433 

Oysters— raw 

1 14  g 

315 

Shrimp— boiled  or  broiled 

114  g 

433 

Fruit 

Apple— fresh 

1 

294 

Banana— fresh 

1 

420 

Cantaloupe— fresh 

Vz  melon 

252 

Orange— fresh 

1 

273 

Peach— fresh 

1 

147 

Strawberries— fresh 

125  mL  (Vz  cup) 

118 

Watermelon— fresh 

1  average  slice 

483 

Meat  and  Poultry 

Beef— braised 

85  g 

1029 

Chicken— broiled 

85  g 

483 

Duck— roasted 

85  g 

954 

Frankfurter— boiled 

1 

714 

Hamburger— lean 
and  broiled 

85  g 

772 

Lamb  chop— lean 
and  broiled 

85  g 

743 

Pork  chops— lean 
and  broiled 

85  g 

962 

Salami 

28  g 

370 

Steak— sirloin,  broiled 

85  g 

1050 

Food 

Quantity 

Kilojoules 

Nuts 

* 

Cashews 

6 

353 

Peanuts— roasted 

28  g 

441 

Pistachios 

30 

370 

Scdads 

Chicken 

1  average  helping 

848 

Coleslaw 

1  average  helping 

693 

Potato 

1  average  helping 

458 

Salad  dressing- 
mayonnaise 

15  mL  (1  tablespoon) 

420 

Salad  dressing— 

Thousand  Island 

15  mL  (1  tablespoon) 

336 

Tossed  green— no  dressing 

1  average  helping 

84 

Sandwiches 

Bacon,  lettuce,  and  tomato 

1 

1134 

Cheeseburger 

1 

1722 

Chicken  salad 

1 

1352 

Egg  salad 

1 

1407 

Frankfurter 

1 

1218 

Grilled  cheese 

1 

1596 

Ham  and  cheese 

1 

1243 

Hamburger 

1 

1281 

Peanut  butter  and  jelly 

1 

1445 

Tuna 

1 

945 

Snacks 

Potato  chips 

1  large 

46 

Pretzels— twisted 

1  large 

252 

Saltine  crackers 

1 

50 

Soups 

Onion 

250  mL  (1  cup) 

248 

Pea 

250  mL  (1  cup) 

609 

Tomato— with  water 

250  mL  (1  cup) 

378 

TV  Dinners 

All  types  of  TV  dinners 

1  1470  to  2100 

Vegetables 

Carrots— fresh 

125  mL  (Vi  cup) 

97 

Lettuce— fresh 

2  leaves 

42 

Potato— baked 

1  medium 

378 

Potato— boiled 

1  small 

168 

Potato— french  fried 

10  pieces 

651 

Potatoes— mashed 

125  mL  (l/2  cup) 

265 

Radishes— fresh 

4  small 

21 

Tomatoes 

1  medium 

168 

TAXONOMY  TREE 
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A  Five-Kingdom  Classification 


APPENDIX  3 


Biology-Related  Occupations 


Occupation 

Training  /Education 

Job  Description 

Animal  Laboratory 
Assistant 

On-the-job 

Feeds  and  cares 
for  laboratory 
animals  and 
equipment 

Biologist 

B.Sc.,  M.Sc.  Ph.D. 

Carries  out  re¬ 
search  centering 
around  living 
organisms. 

Many  are  spe¬ 
cialists  (e.g., 
geneticist,  mi¬ 
crobiologist, 
biochemist) 

Biomedical 

Engineer 

B.Sc.,  M.Sc. 

Applies  engineer¬ 
ing  skills  and 
methods  to  solv¬ 
ing  medical 
problems,  in¬ 
cluding  the  de¬ 
sign  of  special 
equipment 

Biostatistician 

B.Sc.,  M.Sc.,  Ph.  D. 

Applies  mathemat¬ 
ics  and  statistics 

to  research 
problems  re¬ 
lated  to  health 

care 

Cytotechnologist 

2-3  years  college 
and  a  1-year 
program 

Checks  slides  of 
human  cells  for 

cancerous 

growths 
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Occupation 

Training/  Education 

Job  Description 

Dental  Hygienist 

Dental  Hygiene 
School 

Examines  and 
cleans  teeth; 
gives  fluoride 
treatments;  in¬ 
structs  patient 
in  good  dental 
hygiene 

Dental  Technician 

On-the-job 

Prepares  dentures, 
crowns,  and 
bridges 

Dentist 

Dental  School, 

D.D.S. 

Diagnoses  and 
treats  oral  dis¬ 
orders  such  as 
tooth  decay  and 
gum  disease 

Dietitian 

B.S.,  traineeship 

Manages  food 
service;  plans 
menus;  instructs 
people  in 
proper  diet 

Environmentalist 

B.Sc.,  M.Sc. 

Develops  and  im¬ 
plements  sys¬ 
tems  to  improve 
the  quality  of 
the  air,  water, 
and  other  envi¬ 
ronmental  con¬ 
ditions 
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Occupation 

Training/  Education 

Job  Description 

Food  Technologist 

B.Sc.,  M.Sc. 

Investigates  and 
improves  the 
production, 
processing, 
shipping,  and 
utilization  of 
food 

Forester 

B.Sc. 

Manages  and  de¬ 
velops  forests 

Health  Sciences 

Librarian 

M.L.Sc. 

Specializes  in 
health  and  med¬ 
ical  information 

Histological  Tech¬ 
nician 

1-year  training 
program 

Cuts,  stains,  and 
mounts  body 
tissues  for  mi¬ 
croscopic  exam¬ 
ination 

Horticulturalist 

B.Sc.,  M.Sc. 

Raises  plants  and 
attempts  to  im¬ 
prove  the  char¬ 
acteristics  of 
fruits,  vege¬ 
tables,  and  flow¬ 
ers 

Medical  Illustrator 

B.Sc. 

Produces  draw¬ 
ings  and  graph¬ 
ics  of  the  human 
body  for  scien¬ 
tific  media 

Medical  Labora¬ 
tory  Assistant 

On-the-job 

Performs  routine 
tests,  such  as 
blood  typing, 
under  super¬ 
vision 

Occupation 

Training /Education 

Job  Description 

Medical  Labora¬ 
tory  Technician 

2 -year  associate 
degree 

Performs  medical 
tests,  such  as 
bacterial  identi¬ 
fication,  under 
supervision 

Medical  Tech¬ 
nologist 

B.Sc.  and  special 
training 

Supervises  assist¬ 
ants  and  tech¬ 
nicians;  per¬ 
forms  more 
complex  medi¬ 
cal  tests 

Nurse,  licensed 
practical 

High  school  plus 

1  -year  program 

Administers  rou¬ 
tine  nursing 
care  and  assists 
the  registered 
nurse 

Nurse,  registered 

Nursing  School 

Administers  drugs 
and  medical 

treatments  un¬ 
der  the  super¬ 
vision  of  a  phy¬ 
sician;  monitors 
patients’  prog¬ 
ress;  often  spe¬ 
cialized 

Optometrist 

College  of 

Optometry 

Examines  eyes  for 
vision  problems; 
prescribes  cor¬ 
rective  lenses 
and  exercises 

Pharmacist 

College  of  Phar¬ 
macy 

Fills  prescriptions 
for  drugs  and 
medicines  pre¬ 
scribed  by  phy¬ 
sicians 
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Occupation 

Training  /  Education 

Job  Description 

Physical  Therapist 

School  of  Physical 
Therapy 

Plans  and  provides 
treatment  to 

rehabilitate 
people  with  dis¬ 
abling  disorders 

Physician 

Medical  School, 

M.D. 

Diagnoses  and 
treats  human 
diseases  and  dis¬ 
orders;  fre¬ 
quently  special¬ 
ized 

Physician’s 

Assistant 

2-year  program, 
some  college  or 
experience  in 
medical  care 

Performs  routine 
examinations; 
administers 
drugs  and  treat¬ 
ments  pre¬ 
scribed  by  a 
physician 

Soil  Con¬ 
servationist 

B.Sc.,  M.Sc. 

Provides  technical 

assistance  to 
farmers  to  con¬ 
serve  and  im¬ 
prove  soil 

Toxicologist 

B.Sc.,  M.Sc. 

Investigates  chem¬ 
ical  compounds 
for  poisonous 
properties  and 
how  these  affect 
health 

Veterinarian 

Veterinary  School, 
D.V.M. 

Diagnoses  and 
treats  diseases 
and  disorders  in 
animals 

X-ray  Technologist 

2 -year  program 

Takes  X  rays  of 
patients  to  diag¬ 
nose  illness  and 
injury 
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APPENDIX  4 


Cellular  Respiration 

The  cells  in  your  body,  as  well  as  most  other  cells,  carry  on 
a  process  called  cellular  respiration.  These  cells  have  the 
ability  to  break  down  a  molecule  of  glucose  into  molecules 
of  carbon  dioxide  and  water.  In  this  process,  38  ATP  mole¬ 
cules  are  produced.  The  energy  stored  in  these  ATP  mole¬ 
cules  is  available  for  use  by  the  cell.  The  energy  con¬ 
version  efficiency  of  cellular  respiration  is  approximately 
60  percent.  This  means  that  about  60  percent  of  the  energy 
stored  in  the  glucose  molecule  is  transferred  to  ATP  mole¬ 
cules.  The  remaining  energy  is  released  as  heat.  In  com¬ 
parison,  the  efficiency  of  the  automobile  engine  in  con¬ 
verting  the  energy  in  gasoline  to  usage  energy  is  about  30 
percent.  Thus  the  cell  is  about  twice  as  efficient  as  one  of 
our  favorite  and  most  efficient  machines. 

Cellular  respiration  involves  a  total  of  140  chemical  reac¬ 
tions.  These  reactions  are  controlled  by  enzymes  and 
coenzymes.  Enzymes,  you  will  recall,  are  large  protein 
molecules  that  enable  chemical  reactions  to  occur  with  a 
minimum  of  activation  energy.  The  chemical  name  for 
such  a  molecule  is  catalyst.  Enzymes  are  protein  molecules 
that  function  as  catalysts.  Coenzymes  are  nonprotein  mole¬ 
cules  that  function  in  conjunction  with  enzymes.  Some  of 
the  coenzymes  are  derivatives  of  the  B  complex  vitamins— 
niacin,  riboflavin,  and  thiamine. 

The  chemical  reactions  involved  in  cellular  respiration 
occur  in  a  series  of  steps.  For  example,  step  B  always  fol¬ 
lows  step  A  and  step  C  always  follows  step  B.  The  enzymes 
and  coenzymes  that  control  a  particular  step  are  always  in 
close  physical  position  to  those  controlling  the  preceding 
step  and  the  following  step.  It  may  help  to  think  of  cellular 
respiration  as  a  factory  “disassembly  line.”  The  glucose 
molecule  is  passed  from  one  worker  with  tools  (an  enzyme 
with  its  coenzyme)  to  another  worker  with  tools  (another 
enzyme  with  its  coenzyme).  As  the  glucose  molecule 
moves  along  the  “disassembly  line”  it  is  gradually  taken 
apart.  The  carbon,  hydrogen,  and  oxygen  atoms  that  make 
up  glucose  eventually  end  up  as  carbon  dioxide  and  water. 
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However,  there  are  a  number  of  intermediate  molecules 
manufactured  before  the  carbon  dioxide  and  water  are 
made.  Also,  at  the  end  of  the  “disassembly  line”  there  is  a 
bonus  for  all  “workers”  in  the  cell.  These  are  the  38  ATP 
molecules  that  are  gained  from  the  energy  stored  in  the 
bonds  of  glucose. 

There  are  actually  three  series  of  chemical  reactions  that 
break  down  glucose  and  produce  ATP.  Each  series  of  reac¬ 
tions  is  called  a  metabolic  pathway.  Therefore  the  “dis¬ 
assembly  line”  is  really  made  up  of  three  “sub-disassembly 
lines.” 

Most  of  the  reactions  in  the  three  metabolic  pathways 
are  oxidation-reduction  reactions.  An  oxidation  reaction  is 
one  that  removes  an  electron  from  a  molecule.  A  reduction 
reaction  is  one  that  adds  an  electron  to  a  molecule.  In  cells, 
an  oxidation  or  reduction  reaction  usually  involves  the 
transfer  of  a  hydrogen  atom,  which  has  one  electron.  Glu¬ 
cose  is  completely  oxidized  during  cellular  respiration. 
Therefore  all  12  of  the  hydrogen  atoms  that  make  up  glu¬ 
cose  are  removed  and  transferred  to  other  molecules. 
These  other  molecules  are  reduced  because  hydrogen 
atoms  (with  their  electrons)  have  been  added  to  them.  The 
overall  reaction  for  the  oxidation  of  glucose  is: 

C6Hi206  +  6  02 - -6  C02  +  6H20  +  Energy 


Glycolysis  The  first  of  the  three  metabolic  pathways  is 
glycolysis.  (Glycolysis  is  also  called  anaerobic  respira¬ 
tion.)  There  are  ten  steps  and  ten  different  enzymes  in¬ 
volved  in  the  glycolysis  pathway.  The  overall  pathway  is  il¬ 
lustrated  in  Figure  1 .  In  the  first  three  steps,  the  phosphates 
from  two  ATP  molecules  are  added  to  the  glucose  mole¬ 
cule.  The  glucose  molecule  is  also  rearranged  to  form  a  dif¬ 
ferent,  but  similar,  6-carbon  sugar  molecule  called  fruc¬ 
tose.  This  new  molecule  is  more  unstable  and  “more 
ready”  for  disassembly  because  of  the  addition  of  the  high- 
energy  phosphate  groups. 

In  step  four,  the  6-carbon  sugar  fructose  is  broken  into 
two  3-carbon  molecules.  Then,  in  steps  five  through  ten, 
each  3 -carbon  molecule  is  oxidized  and  changed  to  pyru¬ 
vic  acid,  which  is  also  a  3-carbon  molecule.  In  the  process, 
two  molecules  of  a  coenzyme  named  nicotinamide  ade¬ 
nine  dinucleotide  (abbreviated  NAD  and  derived  from  the 
B  vitamin  niacin)  are  reduced  and  become  NADH.  Also  in 
the  process,  four  ATP  molecules  are  produced.  Since  two 
ATP’s  were  used  to  start  the  reactions,  the  net  gain  in 
energy  for  the  cell  is  two  ATP’s.  This  is  less  than  10  per¬ 
cent  of  the  energy  stored  in  glucose. 
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Figure  I  GLYCOLYSIS  (Anaerobic  respiration) 
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Krebs  Cycle  Following  glycolysis,  two  molecules  of 
pyruvic  acid  still  remain.  Most  cells  have  the  ability  to  con¬ 
tinue  the  breakdown  of  pyruvic  acid  into  carbon  dioxide 
and  water.  The  complete  process,  called  aerobic  respira¬ 
tion,  involves  the  two  remaining  metabolic  pathways.  Both 
occur  inside  the  mitochondrion.  The  first  metabolic  path¬ 
way  is  called  the  Krebs  cycle.  (It  is  also  called  the  citric 
acid  cycle  after  one  of  the  key  molecules  produce  during 
the  reactions.)  The  Krebs  cycle  is  illustrated  in  Figure  2. 


Figure  2  KREBS  CYCLE 
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Two  important  processes  occur  in  the  Krebs  cycle.  First, 
pyruvic  acid  is  broken  down  into  carbon  dioxide  mole¬ 
cules.  Second,  and  more  important  from  an  energy  stand¬ 
point,  coenzymes  are  reduced  (hydrogen  is  added)  and 
made  ready  for  the  second  metabolic  pathway. 
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The  first  step  in  the  Krebs  cycle  is  the  conversion  of 
pyruvic  acid  to  acety  l  coenzyme  A,  a  2-carbon  molecule.  In 
the  process,  one  molecule  each  of  NADH  and  C02  is  pro¬ 
duced.  The  acetyl  coenzyme  A  then  combines  with  a  4-car- 
bon  molecule  of  oxaloacetic  acid  to  form  citric  acid,  a 
6-carbon  molecule.  Then  a  series  of  enzymes  oxidizes  the 
citric  acid,  producing,  stepwise,  several  more  molecules. 
(They  are,  in  order,  cis-aconitic  acid,  isocitric  acid,  oxalo- 
succinic  acid,  alpha-ketoglutaric  acid,  succinyl  coenzyme 
A,  succinic  acid,  fumaric  acid,  and  malic  acid.)  Finally,  a  4- 
carbon  molecule  of  oxaloacetic  acid  is  produced.  Then  the 
process  is  repeated  in  another  cycle  when  oxaloacetic  acid 
is  combined  with  another  molecule  of  acetyl  coenzyme  A 
to  form  the  6-carbon  molecule  of  citric  acid. 

During  each  “turn”  of  the  cycle,  three  molecules  of  the 
coenzyme  NAD  and  one  molecule  of  the  coenzyme  FAD 
are  reduced.  (FAD  is  flavin  adenine  dinucleotide,  a 
coenzyme  derived  from  the  B  vitamin  riboflavin.)  Also, 
two  molecules  of  C02  and  one  molecule  of  ATP  are  pro¬ 
duced  during  each  “turn”  of  the  cycle.  Two  “turns”  of  the 
cycle  are  necessary  to  completely  oxidize  the  two  mole¬ 
cules  of  pyruvic  acid  produced  during  glycolysis. 

Oxidative  Phosphorylation  The  third  metabolic 
pathway  in  cellular  respiration  is  the  oxidative  phosphory¬ 
lation  pathway.  This  pathway  involves  two  series  of  en¬ 
zymes  embedded  in  the  cristae,  the  inner  membranes,  or 
cross-walls,  of  the  mitochondrion.  One  series  of  enzymes 
is  responsible  for  the  stepwise  transfer  of  the  electrons 
from  the  reduced  coenzymes  NADH  and  FADH  to  a  series 
of  electron  acceptors.  This  is  called  the  electron  transport 
chain.  With  each  transfer  the  energy  level  of  the  electrons 
becomes  lower.  The  energy  that  is  given  up  is  used  by  the 
second  series  of  enzymes  in  the  production  of  ATP.  This 
second  group  of  enzymes,  called  the  enzymes,  can  ac¬ 
tually  be  seen  in  electron  micrographs  of  the  eristae.  They 
appear  as  a  “ball  on  a  stick”  extending  from  the  inner  sur¬ 
faces  of  the  cristae.  The  Fi  enzymes  take  the  energy  from 
the  electrons  in  the  electron  transport  chain  and  use  that 
energy  to  phosphorylate  ADP.  Phosphorylate  is  the  techni¬ 
cal  name  for  the  process  already  mentioned  several  times, 
the  process  in  which  a  phosphate  group  is  added  to  ADP, 
producing  ATP.  The  electrons  (hydrogen  atoms)  in  the 
electron  transport  chain  are  eventually  transferred  to  oxy¬ 
gen,  and  water  molecules  are  formed.  This  completes  the 
reactions  in  the  oxidative  phosphorylation  pathway.  Note 
that  oxygen  must  be  present  in  the  mitochondrion;  this  is 
the  reason  why  practically  all  organisms  must  have  oxygen. 


A  total  of  34  ATP  molecules  result  when  all  the  reduced 
coenzymes  from  two  “turns”  of  the  Krebs  cycle  are  passed 
through  the  oxidative  phosphorylation  pathway.  The  net 
gain  by  the  cell,  from  the  complete  breakdown  of  glucose 
through  the  three  metabolic  pathways,  is  as  follows: 


ATP’s 

PATHWAY  PRODUCED 

Glycolysis  2 

Krebs  cycle  (two  “turns”)  2 

Oxidative  phosphorylation  34 


TOTAL  38 


Other  Molecules  Glucose  is  not  the  only  molecule 
that  is  broken  down  and  has  its  energy  transferred  to  ATP 
by  the  cell.  Fatty  acids  (components  of  fats)  and  amino 
acids  (components  of  proteins)  are  also  disassembled  and 
the  energy  used  to  phosphorylate  ADP  and  make  ATP. 

The  Krebs  cycle  also  has  another  function  besides  pre¬ 
paring  reduced  coenzymes  that  go  into  ATP  production. 
Many  of  the  intermediate  molecules  formed  during  the 
Krebs  cycle  can  serve  as  “skeletons”  for  new  molecules 
needed  by  the  cell.  For  example,  in  a  growing  body,  many 
types  of  molecules  are  needed— nucleic  acids,  fats,  pro¬ 
teins,  and  so  on.  There  are  other  metabolic  pathways  in 
the  cell  that  can  use  the  intermediate  molecules  produced 
during  the  Krebs  cycle  as  “skeletons”  on  which  these  new 
molecules  can  be  built. 
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ou 
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The  numbers  in  parentheses  following  each  definition 
indicate  the  chapter  and  section  in  which  the  term  is 
introduced. 


abiotic  (a  bi  ot'ik)  Lifeless;  nonliving. 
(41-7) 

abscission  (ab  sizh'on)  The  falling  of  ma¬ 
ture  fruit,  stems,  or  leaves  from  trees.  (23-4) 

absorption  (ab  sorp'shon)  In  digestion, 
the  movement  of  dissolved  food  or  other  sub¬ 
stances  into  the  blood  stream  by  osmosis,  dif¬ 
fusion,  or  other  processes.  (33-1) 

abyssal  (a  bis'al)  zone  The  very  deepest 
part  of  a  marine  habitat,  ranging  from  2  000 
to  5  000  m  below  the  surface.  (46-3) 

acetylcholine  (as'o  tol  ko'len)  A  chemical 
transmitter  that  bridges  the  gap  in  a  synapse, 
forming  a  chemical  link  between  the  end  of 
one  axon  and  the  beginning  of  the  next  den¬ 
drite;  an  impulse  transmitter  of  a  nerve  cell. 
(37-3) 


acromegaly  (ak  ro  mog'o  le)  Hyper¬ 
secretion  of  growth  hormone  in  adulthood, 
which  causes  an  enlarged  jaw  and  brow,  and 
sometimes  a  humped  back.  (36-3) 

actin  (ak'tin)  Bundles  of  slender  filaments 
that  together  with  myosin  compose  the 
myofibrils  in  muscle  fiber.  (38-11) 

active  site  (sit)  The  area  of  an  enzyme 
molecule  to  which  a  substrate  bonds.  (5-4) 

adenine  (ad'o  nin)  One  of  the  nitrogenous 
bases  that  compose  nucleic  acids;  bonds  only 
with  thymine  in  DNA  and  only  with  uracil  in 
RNA.  (4-3) 

adhesion  (ad  he'zhon)  The  attraction  be¬ 
tween  two  unlike  substances.  (24-2) 

adrenal  (o  dre'nol)  glands  Two  endo¬ 
crine  glands,  one  on  top  of  each  kidney,  that 
help  regulate  blood  pressure  and  the  concen¬ 
tration  of  various  mineral  salts  in  the  blood. 
(36-5) 
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adrenocorticotrophic  (a  dre'no  kor  t9  ko 
trof  ik)  hormone  (ACTH)  A  hormone  that 
is  secreted  by  the  anterior  lobe  of  the  pitui¬ 
tary  gland  and  that  stimulates  the  adrenal  cor¬ 
tex  to  produce  its  hormones.  (36-3) 

aerobic  (ar  o’bik)  respiration  Respira¬ 
tion  that  occurs  in  the  presence  of  oxygen;  a 
chemical  reaction  in  which  two  molecules  of 
pyruvic  acid  are  broken  down  to  36  ATP’s, 
carbon  dioxide,  and  water.  (5-16) 

afferent  neurons  (af'sr  ent  nur'ons) 
Nerve  cells  that  carry  impulses  toward  the 
spinal  cord  or  the  brain.  (37-6) 

agar  (a'gor)  A  gelatinlike  culture  medium 
obtained  from  seaweeds.  (14-2) 

agglutination  (3  glti  to  na'shon)  A  se¬ 
vere  antigen-antibody  reaction  in  which  red 
blood  cells  clump  together.  (9-10) 

agglutinins  (3  glii'to  nins)  Antibodies 
that  cause  clumping  of  microbes.  (17-5) 

albinism  (al'bo  niz  3m)  Lacking  melanin. 
(9-3) 

algae  (al'je)  Simple  plantlike  organisms 
that  live  in  water  and  carry  on  photosyn¬ 
thesis.  ( 14— 1 ) 

alleles  (3  lelz')  The  two  or  more  related 
genes  that  control  a  trait.  (8-10) 

alveoli  (al  ve'3  II)  Small  sacs  at  the  ends  of 
bronchioles;  where  exchange  of  gas  takes 
place.  (35-3) 

alternation  of  generation  A  type  of  life 
cycle  characterized  by  alternating  asexually 
and  sexually  reproducing  generations. 
(19-4) 

altricial  (al  trish'ol)  Pertaining  to  a  cate¬ 
gory  of  birds  that  are  born  naked,  blind,  and 
competely  helpless  but  with  the  instinctive 
ability  to  feed.  (31-10) 

amino  (3  me'no)  acid  Organic  com¬ 
pounds  that  are  the  building  blocks  of  pro¬ 
teins.  (3-21) 


anaphase  (an'3  faz)  The  phase  of  mitosis 
and  of  meiosis  during  which  the  chromo¬ 
somes  move  to  opposite  poles  of  a  cell.  (6-9) 

anatomy  (3  nat'3  me)  The  study  of  the 
structure  of  organisms  and  their  parts.  (1-3) 

anemia  (3  ne'me  3)  A  disease  in  which  a 
shortage  of  red  blood  cells  causes  a  shortage 
of  oxygen  in  body  cells.  (26-14) 

aneurysm  (an'y^  riz  3m)  A  disorder  that 
occurs  when  a  weak  spot  in  a  main  artery 
swells.  (34-19) 

angiosperms  (an'je  3  sperms)  Flowering 
plants;  the  group  of  seed  plants  that  produces 
seeds  enclosed  in  fruit.  (21-3) 

annual  (an'yii  3l)  rings  Alternating  rings 
of  dark  and  light  wood  in  stems  and  roots  of 
woody  plants;  caused  by  summer  and  spring 
growth.  (22-12) 

anther  (an'thor)  The  pollen-bearing  por¬ 
tion  of  the  stamen  of  a  flowering  plant. 
(21-8) 

antheridium  (an  ths  rid'e  3m)  The  male 
sex  organ  of  a  gametophyte  plant;  it  produces 
the  sperm  cell.  (19-5) 

anthropologists  (an  thrs  pol'3  jists) 
Specialists  in  the  study  of  human  ancestors. 
(11-1) 

antibiotics  (an  te  bl  ot'iks)  Chemicals  ex¬ 
tracted  from  living  microbes  and  used  to  kill 
or  inhibit  other  microbes.  (17-7) 

antibody  (an'te  bod  e)  A  specific  protein 
produced  by  lymphocytes  in  blood,  bone 
marrow,  and  several  other  body  glands  in  re¬ 
sponse  to  a  specific  foreign  substance  called 
an  antigen.  (17-5) 

anticoagulant  (an  te  ko  ag'ys  lsnt)  A 
chemical  that  prevents  blood  clotting. 
(26-14) 

anticodon  (an  te  ko'don)  A  sequence  of 
three  bases  on  transfer  RNA  that  combines 
with  a  specific  codon  of  messenger  RNA. 
(4-10) 
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antidiuretic  (anti  dl  yu  ret'ik)  hormone 
(ADH)  A  hormone  secreted  from  the  poste¬ 
rior  lobe  of  the  pituitary  gland;  it  helps  the 
body  conserve  water  by  causing  reabsorption 
of  water  in  kidney  tubules.  (36-4) 

antigen  (an'to  jon)  A  substance,  such  as  a 
protein  or  a  polysaccharide,  that  stimulates 
the  production  of  antibodies  when  it  enters 
the  bloodstream  or  tissue;  viruses  and  bac¬ 
teria  are  typical  antigens.  (9-9) 

antitoxin  (an  te  tok'sin)  An  antibody  that 
attaches  itself  to  a  toxin  and  makes  the  toxin 
harmless.  (17-3) 

anus  (a'nos)  The  posterior  opening  of  a  di¬ 
gestive  tract.  (26-12) 

aorta  (a  or'to)  The  largest  artery  in  the  hu¬ 
man  body.  (34-13) 

aphotic  (a  fo'tik)  zone  The  region  of  a 
marine  habitat  where  light  does  not  pene¬ 
trate.  (46-3) 

apical  dominance  (ap'o  kol  dom'o 
nans)  The  inhibition  of  the  growth  of  lateral 
branches  in  a  plant  by  a  hormone  (auxin) 
produced  in  the  terminal  bud.  (23-3) 

apical  (ap'o  kol)  meristems  The  grow¬ 
ing  regions  of  a  plant,  located  near  the  tips  of 
roots  and  shoots.  (22-5) 

aqueous  (a'kwe  os)  humor  A  liquid  that 
fills  the  anterior  chamber  of  the  eye.  (37-18) 

arachnids  (o  rak'nids)  A  group  of  small 
arthropods,  such  as  spiders,  scorpions,  ticks, 
and  mites.  (28-4) 

archegonium  (ar  ko  go'ne  3m)  The  fe¬ 
male  sex  organ  of  a  gametophyte  plant;  it  pro¬ 
duces  the  egg  cell.  (19-5) 

arteries  (ar'tor  ez)  Blood  vessels  that 
carry  blood  away  from  the  heart.  (28-10) 

arterioles  (ar  tir'e  olz)  Small  branches 
and  rebranches  of  arteries.  (34-10) 

arteriosclerosis  (ar  tir  e  o  sklo  ro'sis) 
Hardening  of  the  arteries;  a  disorder  caused 


by  calcium  deposit  buildup  along  the  walls  of 
arteries,  causing  arteries  to  lose  their  elastic¬ 
ity.  (34-18) 

asters  (as'torz)  The  filaments  that  radiate 
from  the  centriole  during  cell  division.  (6-7) 

asthma  (az'mo)  An  allergic  reaction  of  the 
bronchioles  to  pollen,  mold  spores,  or  other 
tiny  particles  in  the  air;  characterized  by  at¬ 
tacks  of  wheezing,  coughing,  and  hard 
breathing.  (36-5) 

atherosclerosis  (ath  or  o  skis  ro'sis)  A 
disorder  caused  by  a  buildup  of  fatty  material 
inside  the  arteries.  (34-19) 

atomic  (o  tom'ik)  number  The  total  num¬ 
ber  of  protons  in  the  nucleus  of  an  atom. 
(3-4) 

atrium  (a'tre  3m)  One  of  the  two  upper 
chambers  of  the  heart  that  receives  venous 
blood.  (29-12) 

auricle  (or'o  kol)  An  earlike  structure  that 
contains  receptors  capable  of  detecting 
chemicals  in  water.  (26-2) 

autosomes  (o'to  somz)  Any  chromosomes 
other  than  sex  chromosomes.  (8-18) 

auxins  (ok'sinz)  Plant  growth  hormones. 
(23-2) 

axon  (ak'son)  The  branch  of  a  nerve  cell 
that  carries  impulses  away  from  the  cell  body. 
(37-2) 


bacilli  (bo  silT)  Bacteria  shaped  like  rods 
or  cylinders.  (14-3) 

bacteriology  (bak  tir  e  ol'o  je)  The  study 
of  bacteria.  (14-2) 

bacteriophage  (bak  tir'e  o  faj)  A  virus 
that  infects  bacteria;  it  is  also  called  phage. 
(13-2) 

bark  (bark)  The  total  of  all  the  tissues  that 
are  outside  the  vascular  cambium  of  a  woody 
stem.  (22-11) 
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benthos  (ben'thos)  Organisms  that  live  on 
the  bottom  or  in  the  bottom  sediments  of  a 
freshwater  habitat.  (45-3) 

bilateral  symmetry  (bl'lat  or  ol  sim'o 
tre)  Two  parts  similar  to  each  other  to  the 
right  and  left  of  a  central  axis.  (25-3) 

bile  (bll)  A  secretion  of  the  liver  that  emul¬ 
sifies  ingested  foods.  (33-1 1) 

biology  (bl  ol'o  je)  The  science  of  life  and 
life  processes.  (1-1) 

bioluminescence  (bl  o  lti  mo  nes'ons) 
The  ability  of  living  organisms  to  produce 
light.  (15-7) 

biomes  (bTomz)  All  the  plants  and  animals 
of  a  terrestrial  community  in  a  particular  cli¬ 
mate;  most  biomes  are  named  for  their  climax 
vegetation.  (47-3) 

biosphere  (bl'o  sfir)  The  entire  living  por¬ 
tion  of  the  earth.  (1-7) 

biota  (bl  o'to)  All  the  populations  in  a 
community.  (41-6) 

bone  (bon)  A  tissue  composed  of  cells  in  a 
nonliving  matrix.  (38-1) 

botany  (bot'o  ne)  The  study  of  plants. 
(1-2) 

Bowman’s  capsule  Cuplike  structure 
surrounding  the  glomerulus  in  a  nephron. 
(35-8) 

brackish  (brak'ish)  water  A  mixture  of 
fresh  water  and  seawater.  (46-7) 

bronchi  (brong'kl)  The  tubes  through 
which  air  flows  from  the  trachea  to  the  lungs. 
(35-3) 

bronchioles  (brong'ke  olz)  The  smaller 
branching  tubes  of  the  bronchi.  (35-3) 

budding  (bud'ing)  A  type  of  asexual  re¬ 
production  in  which  a  small  extension,  or 
bud,  begins  to  grow  directly  from  the  body  of 
the  parent  organism  and  later  separates,  de¬ 
veloping  into  a  new  organism.  (25-11) 
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cambium  (kam'be  om)  The  growing  tissue 
in  plants  that  produces  xylem  and  phloem. 
(22-9) 

capillaries  (kap'o  ler  ez)  The  tiniest 
blood  vessels;  their  walls  are  composed  of  a 
single  layer  of  cells.  (26-20) 

capsid  (kap'sid)  The  protein  shell  or  jacket 
that  encloses  the  nucleic  acid  of  a  virus. 
(13-3) 

capsomers  (kap'so  mors)  The  units  of 
protein  that  form  the  capsid  of  a  virus.  (13-3) 

capsule  (kap'sol)  The  jellylike,  nonliving 
layer  outside  the  cell  wall  of  bacteria.  ( 14-3) 

carbohydrates  Organic  compounds  com¬ 
posed  of  a  chain  of  carbon  atoms  with  hydro¬ 
gen  and  oxygen  atoms  attached;  used  for 
energy  sources  in  organisms.  (33-19) 

carcinogens  (kar  sin'o  jens)  Cancer  caus¬ 
ing  substances.  (40-23) 

caries  (kar'ez)  Tooth  decay.  (33-3) 

carnivore  (kar'no  vor)  A  meat-eating  or¬ 
ganism.  (42-3) 

carpel  (kar'pol)  The  innermost  ring  of 
flower  parts;  it  functions  as  the  female  repro¬ 
ductive  organ  of  a  flowering  plant.  (21-8) 

cartilage  (kar'to  lij)  A  noncellular  bone¬ 
like  tissue  that  is  composed  of  tough  bands  of 
flexible  protein  (collagen  fiber)  and  is  blue- 
white  in  color;  in  the  adult  skeleton,  cartilage 
is  found  in  areas  where  bones  come  together 
and  in  the  nose  and  the  ears.  (38-2) 

catalyst  (kat'o  list)  A  substance  that 
speeds  up  a  chemical  reaction  without  itself 
being  chemically  changed.  (5-3) 

cell  (sel)  The  smallest  living  unit  or  organ¬ 
ism.  (1-4) 

cell  wall  (sel  wol)  The  nonliving,  cellu¬ 
lose  structure  that  surrounds  the  plasma 


membrane  of  plant  cells.  (2-9) 

cellulose  (sel'ya  los)  The  main  structural 
material  of  plant  cell  walls.  (3- 16) 

cerebellum  (ser  o  bel'om)  The  round  and 
wrinkled  region  of  the  vertebrate  brain  be¬ 
tween  the  brainstem  and  the  cerebrum;  its 
main  function  is  to  coordinate  smooth  skele¬ 
tal  movements.  (37-10) 

cerebrum  (ser'o  brom)  The  part  of  the 
vertebrate  brain  that  receives  sensory  stimuli; 
it  controls  voluntary  functions  and  higher 
mental  activity.  (37-10) 

cervix  (ser'viks)  The  opening  of  the  ut¬ 
erus.  (39-12) 

chaparral  (chap  o  ral')  A  terrestrial  re¬ 
gion  that  receives  good  winter  rainfall  but 
little  rain  during  the  summer;  evergreen  trees 
and  shrubs  with  thick  leaves  are  found  in  this 
biome.  (47-11) 

chemical  (kem'o  kol)  bond  A  force  that 
holds  atoms  together.  (3-8) 

chemotrophic  (ke  mo  trof'ik)  bacte¬ 
ria  Bacteria  that  oxidize  compounds  of 
iron,  sulfur,  nitrogen,  or  other  mineral  sub¬ 
stances  to  obtain  energy.  (14-4) 

chitin  (kl'tin)  A  tough  lightweight  material 
found  in  the  exoskeleton  of  insects  and  other 
arthropods.  (28-3) 

chlorophyll  (klor'o  fil)  The  green  pig¬ 
ment  in  plants  that  is  essential  to  converting 
light  energy  to  food.  (2-7) 

chloroplast  (klor'o  plast)  A  plastid  con¬ 
taining  chlorophyll.  (2-7) 

chromatid  (kro'mo  tid)  One  strand  in  a 
double-stranded  chromosome  after  replica¬ 
tion.  (6-7) 

chromatin  (kro'mo  tin)  The  compact 
mass  of  very  small  fibers  that  become 
chromosomes  during  cell  division.  (2-6) 

chromatophore  (kro'mo  to  for)  A  spe¬ 
cialized  cell  that  contains  one  or  more  pig¬ 
ments.  (29-1 1) 


chromosomes  (kro'mo  somz)  Rod-shaped 
nuclear  bodies  that  contain  genetic  material. 
(2-6) 

chromosome  theory  All  genes  are  car¬ 
ried  on  chromosomes  and  are  distributed 
equally  during  mitosis.  (8-15) 

chyme  (klm)  The  pasty  mixture  that  re¬ 
sults  from  a  mixture  of  food  and  gastric 
juices.  (33-7) 

cilia  (sil'e  o)  Hairlike  structures  that  often 
cover  the  entire  surface  of  a  cell;  used  for  lo¬ 
comotion.  (15-4) 

cocci  (kok'sl)  Sphere-shaped  cells.  ( 14— 3) 

codon  (ko'don)  A  sequence  of  three  bases 
on  messenger  RNA  that  code  a  specific  amino 
acid.  (4-6) 

cohesion  (ko  he'zhon)  The  clinging  to¬ 
gether  of  like  molecules.  (3-8,  24-2) 

colon  (ko'lon)  The  large  intestine.  (33-16) 

colony  (kol'o  ne)  A  group  of  similar  living 
cells  that  cling  together.  (14-1) 

colostrum  (ko  los'trom)  A  special  type  of 
milk  that  contains  many  antibodies  and  is  pro¬ 
duced  during  the  first  few  days  an  infant  is 
nursed.  (17-6) 

commensalism  (ko  men'so  liz  om)  One  of 
the  simplest  symbiotic  relationships  in  which 
organisms  of  one  species  benefit  and  those  of 
another  are  unaffected.  (42-8) 

community  (ko  myii'no  te)  The  level  of 
organization  that  includes  a  group  of  popu¬ 
lations  living  in  an  area.  (1-6) 

concentration  gradient  (kon  son  tra'shon 
gra'de  ont)  The  difference  between  a  region 
of  high  concentration  of  a  substance  and  a  re¬ 
gion  of  lower  concentration.  (7-2) 

cones  (konz)  Highly  modified  cells  of  the 
eye;  used  for  daylight  vision  and  can  detect 
color.  (37-18) 

conifers  (ko'no  fors)  A  group  of  woody 
plants  that  bear  seeds  in  cones:  pines,  spruce, 
and  so  on.  (47-5) 
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consumer  (Ion  sii'mar)  Any  organism  or 
population  that  obtains  its  food  and  energy 
directly  or  indirectly  from  a  producer. 
(41-11) 

conjugation  (kon  jo  ga'shan)  The  type  of 
sexual  reproduction  in  protists  that  involves 
the  exchange  of  nuclear  material  by  tempo¬ 
rarily  fused  cells.  ( 1 5-4) 

control  (kon  trol')  In  an  experiment,  the 
normal  part  used  as  a  standard  for  comparing 
the  results.  (1-10) 

cork  (kork)  The  layer  of  tissue  near  the 
outside  of  the  stem  in  woody  plants;  it  pre¬ 
vents  excessive  loss  of  water.  (22-1 1) 

cornea  (kor'ne  o)  The  outer  part  of  the 
sclera;  it  is  transparent  and  admits  light  into 
the  eye.  (37-18) 

corpus  luteum  (kor'pas  lii'te  om)  The 
yellowish  body  that  results  when  the  follicle 
heals  after  ovulation;  it  secretes  pro¬ 
gesterone.  (39-6) 

cortisol  (kor'ta  sol)  A  hormone  secreted 
by  the  adrenal  cortex.  (36-6) 

cotyledon  (kot  a  le'dan)  The  seed  leaf  in  a 
plant  embryo;  it  is  a  reservoir  of  food  for  the 
germinating  plant.  (21-11) 

covalent  (ko  va'lant)  bond  The  sharing  of 
electrons  between  atoms.  (3-8) 

cristae  (kris'te)  The  shelflike  or  infolded 
structures  in  mitochondria.  (2-13) 

culture  (kul'char)  A  group  of  microscopic 
organisms  grown  artificially  in  the  laboratory. 
(14-2) 

culture  medium  A  liquid  or  moist  solid 
that  provides  cultured  organisms  with  food; 
agar  is  a  culture  medium.  ( 14-2) 

cytokinesis  (si  to  ki  ne'sis)  Division  of 
the  cytoplasm  and  its  contents.  (6-5) 

cytokinins  (si  to  ki'nins)  A  group  of  hor¬ 
mones  that  stimulate  cell  division  in  plants. 
(23-7) 


cytoplasm  (sl'ta  plaz  am)  The  clear,  gela¬ 
tinlike  material  outside  the  nucleus  and  inside 
the  plasma  membrane.  (2-7) 

cytosine  (slt'ta  sin)  One  of  the  nitrogen¬ 
ous  bases  that  compose  nucleic  acids;  bonds 
only  with  guanine.  (4-3) 


daughter  (do'tar)  cells  Newly  formed 
cells,  having  identical  nuclear  material,  that 
result  from  the  mitosis  of  a  previously  exist¬ 
ing  cell. 

deciduous  (di  sij'ii  as)  forest  A  forest 
where  most  of  the  trees  lose  their  leaves  in 
the  fall.  (47-7) 

decomposer  (de  kam  po'zar)  Any  bacte¬ 
rium  or  mold  that  can  recycle  dead  matter 
into  organic  nutrients.  (41-12) 

deforestation  (de  for  a  sta'shan)  The 
process  by  which  trees  or  forest  are  cut 
down  without  being  replaced.  (48-4) 

dehydration  (de  hi  dra'shan)  synthesis 
A  chemical  reaction  in  which  small  molecules 
combine  to  form  larger  molecules  by  the  re¬ 
moval  of  water.  (3-15) 

dendrite  (den'drlt)  The  branched  struc¬ 
ture  of  a  nerve  cell  that  carries  impulses  to¬ 
ward  the  cell  body.  (37-2) 

denitrification  (de  ni  tra  fa  ka'shan) 
The  breakdown  of  nitrogen  compounds  by 
certain  bacteria,  resulting  in  the  return  of  ni¬ 
trogen  to  the  atmosphere.  (43-5) 

deoxyribonucleic  (de  ok  sa  rl  bo  nil 

kle'ik)  acid  (DNA)  A  double  helix  of  re¬ 
peating  units  of  deoxyribose  sugar,  phos¬ 
phates,  and  nitrogen  bases;  the  genetic  com¬ 
ponent  that  specifies  the  exact  sequence  of 
amino  acids  in  proteins.  (4-1) 

desertification  (dez  ar  tif  a  ka'shan)  The 
process  by  which  a  grassland  loses  its  root 
system  and  disintegrates  to  become  a  desert. 
(47-8) 
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diabetes  mellitus  (dl  a  be'tis  mel'a 
tas)  The  disease  caused  by  hyposecretion  of 
insulin  from  the  islets  of  Langerhans.  (36-9) 

diaphragm  (di'a  fram)  The  sheet  of  mus¬ 
cles  that  separates  the  thoracic  and  abdominal 
cavities  in  mammals.  (35-4) 

dicotyledons  (dT  kot  3  le'dans)  The 
group  of  flowering  plants  that  have  two  cot¬ 
yledons  in  their  seeds.  (21-13) 

diffusion  (di  fyti'zhan)  The  process  by 
which  molecular  collisions  cause  a  substance 
to  move  down  a  concentration  gradient. 
(7-3) 

digestion  (da  jes'chan)  The  physical  and 
chemical  breakdown  of  food  into  the  molecu¬ 
lar  form  that  can  be  absorbed  into  the  blood¬ 
stream  and  used  by  cells.  (33-1) 

dihybrid  (dl  hl'brid)  Individuals  that  are 
heterozygous  for  two  traits.  (8- 1 2) 

diploid  (dip'loid)  Having  two  complete 
sets  of  chromosomes.  (6-15) 

disaccharide  (dl  sak'ar  id)  A  carbohy¬ 
drate  composed  of  two  simple  sugars.  (3-15) 

dominant  (dom'a  nant)  trait  The  gen¬ 
etic  trait  that  appears  as  a  phenotypic  expres¬ 
sion  in  a  hybrid.  (8-4) 

dormancy  (dor'man  se)  The  state  of  an  or¬ 
ganism  in  which  life  processes  have  slowed 
down  or  completely  stopped.  (2 1-2) 

duodenum  (dii  a  de'nam)  The  first  sec¬ 
tion  of  the  intestines,  leading  directly  from 
the  stomach.  (33-8) 

ecology  (e  kol'a  je)  The  study  of  the  rela¬ 
tionship  of  organisms  to  their  environment. 
(1-6) 

ecosphere  (e'ka  sfir)  The  entire  living 
portion  of  the  earth  and  its  physical  environ¬ 
ment.  (1-7) 

ecosystem  (e'ka  sis  tarn)  The  interaction 
of  the  community  with  its  physical  environ¬ 
ment.  ( 1-6) 


ectoderm  (ek'ta  derm)  The  outermost 
layer  of  cells  in  an  embryo.  (26-1 ) 

efferent  neurons  (ef'ar  ant  niir'ons) 
Nerve  cells  that  carry  impulses  away  from  the 
spinal  cord  or  brain.  (37-6) 

electron  (i  lek'tron)  A  negatively  charged 
particle  in  orbit  around  the  nucleus  of  an 
atom.  (3-3) 

element  (el'a  mant)  Matter  entirely  com¬ 
posed  of  atoms  with  the  same  atomic  number. 
(3-4) 

embryo  (ern'bre  o)  An  undeveloped  or¬ 
ganism  before  hatching,  birth,  or  germina¬ 
tion.  (39-6) 

emphysema  (em  fa  se'ma)  A  disorder  of 
the  respiratory  system  caused  by  aging  and 
smoking;  the  small  bronchioles  leading  to  the 
alveoli  become  plugged  and  the  alveoli  break 
down  and  eventually  disappear,  making  ex¬ 
change  of  gases  progressively  more  difficult. 
(35-5) 

endemic  (en  dem'ik)  Describing  disease 
that  is  always  present  among  a  population. 
(17-1) 

endoderm  (en'do  derm)  The  innermost 
layer  of  cells  in  an  embryo.  (26-1) 

endoplasmic  reticulum  (en  do  plaz'mik 
ri  tik'ya  lam)  The  network  of  canals  that  ex¬ 
tend  throughout  the  cytoplasm  from  the 
plasma  membrane  to  the  nucleus.  (2-12) 

endosperm  (en'do  sperm)  The  portion  of 
a  seed  that  is  a  collection  of  stored  food  for 
the  embryo.  (21-2) 

entomology  (en  ta  mol'a  je)  The  branch 
of  zoology  that  studies  insects.  (28-12) 

enzyme  (en'zlm)  A  protein  that  acts  as  a 
biochemical  catalyst.  (5-3) 

epicotyl  (ep  a  kot'al)  The  region  of  the 
plant  embryo,  above  the  cotyledons,  that  will 
develop  into  the  shoot  of  the  plant.  (22-3) 

epidemic  (ep  a  dem'ik))  A  disease  that 
spreads  rapidly  through  a  population.  (17-1) 
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epidermis  (ep  9  der'mis)  The  outermost 
layer  of  cells.  (20-2) 

epiglottis  (ep  9  glot'is)  A  flap  of  tissue 
that  covers  the  opening  between  the  vocal 
cords,  preventing  food  from  entering  the 
windpipe  during  ingestion  of  food.  (33-4) 

epinephrine  (ep  9  nef'rin)  Adrenalin;  the 
main  hormone  of  the  adrenal  medulla.  (36-5) 

epiphytes  (ep'9  fltz)  Plants  that  grow  on 
other  plants,  such  as  trees,  but  are  non- 
parasitic.  (19-3) 

erythrocytes  (i  rith'ro  sits)  Red  blood 
cells.  (34-3) 

esophagus  (e  sof'9  g9s)  The  tube  that 
conducts  food  from  the  pharynx  to  the  stom¬ 
ach.  (26-18) 

estrogen  (es'tr9  j9n)  A  hormone  pro¬ 
duced  by  ovaries;  it  stimulates  the  expression 
of  primary  and  secondary  female  character¬ 
istics.  (39-4) 

estuary  (es'chu  er  e)  A  semienclosed 
coastal  body  of  water.  (46-7) 

eucaryotic  (yii'kar  e  o  tik)  cell  A  cell 
with  a  true  nucleus  as  well  as  other  mem¬ 
brane-bound  organelles.  (2-19) 

euphotic  (yu  fo'tik)  zone  The  top  zone  of 
a  marine  habitat  that  is  penetrable  by  light. 
(46-3) 

eutrophication  (yii  tr9  f9  ka'shon) 
Premature  aging  and  death  of  a  lake  that 
slowly  becomes  shallow  by  the  accumulation 
of  dead  plant  material.  (43-9) 

Eustachian  (yu  sta'ke  on)  tube  A  tube  in 
the  ear  that  allows  the  air  pressure  in  the 
middle  ear  to  remain  equal  to  that  on  the  out¬ 
side  of  the  tympanic  membrane.  (37-19) 

evolution  (ev  9  lii'sfmn)  The  process  by 
which  populations  change  and  develop  adap¬ 
tations.  ( 10-7) 

excretion  (ek  skre'shon)  The  process  of 
eliminating  waste.  (26-4) 
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exocytosis  (ek  so  si  to'sis)  The  process  by 
which  cells  export  materials  in  vacuoles 
across  the  plasma  membrane.  (7-1 1) 

exoskeleton  (ek  so  skel'o  ton)  A  skeleton 
that  covers  the  outside  of  the  body,  like  a  suit 
of  armor.  (28-3) 

expiration  (eks  p9  ra'shon)  The  muscular 
activity  involved  when  the  diaphragm  is 
pushed  upward,  forcing  air  out  of  the  lungs. 
(35-4) 

extinct  (ek  stingkt')  Without  a  living 
member  of  a  species;  death  of  a  population. 
(1-5) 

fact  (fakt)  A  true  statement  that  can  always 
be  proved.  (1-12) 

facultative  (fak'9l  ta  tiv)  anaerobes 
Bacteria  that  grow  with  or  without  oxygen. 
(14-4) 

Fallopian  (fo  lo'pe9n)  tube  The  tube 
through  which  an  ovum  is  transported  from 
the  ovary  to  the  uterus;  oviduct.  (39-5) 

fat  (fat)  An  organic  compound  composed 
of  fatty  acids  and  glycerol.  (3-18) 

feces  (fe'sez)  Waste  matter  excreted  from  a 
digestive  tract.  (26-8) 

fermentation  (fer  men  ta'shgn)  The  con¬ 
version  of  sugar  to  alcohol  and  other  sub¬ 
stances;  anaerobic  respiration.  (14-2) 

fetus  (fe'tgs)  A  mammalian  embryo  about 
eight  weeks  old  that  has  all  internal  organs  in 
some  stage  of  development  and  bones  begin¬ 
ning  to  take  form.  (39-1 1) 

fibroblasts  (fi'bro  blasts)  Cells  that  se¬ 
crete  collagen  fiber  that  is  the  main  con¬ 
stituent  of  connective  tissue.  (38-3) 

filament  (fil'9  mont)  The  stalk  of  the  sta¬ 
men,  which  supports  the  anther.  (21-8) 

fibrin  (fi'bron)  An  insoluble  protein  that 
forms  tough  threads  that  trap  red  blood  cells 
and  form  a  clot.  (34-6) 


flagella  (fl9  jel'lo)  Threadlike  structures 
that  propel  cells  through  liquids.  (14-1) 

follicle  (fol'9  kol)  A  fluid-filled  area  of  an 
ovary,  in  which  an  egg  develops.  (39-3) 

follicle-stimulating  hormone  (FSH) 

A  hormone  from  the  anterior  lobe  of  the 
pituitary  gland  that  stimulates  the  devel¬ 
opment  of  the  tubules  in  the  testes  and  the 
manufacture  of  sperm.  (39-2) 

foramen  magnum  (fo  ra'men  mag'nom) 
The  opening  where  the  spinal  cord  enters  the 
base  of  the  skull.  (1 1-2) 

gall  bladder  (gol  blad'er)  The  container 
in  vertebrates  that  stores  bile.  (33—1 1) 

gamete  (garn'et)  A  reproductive  cell  hav¬ 
ing  one  set  of  chromosomes.  (6-12) 

gametophyte  (go  me'to  fit)  genera¬ 
tion  The  generation  of  plants  that  pro¬ 
duces  gametes.  (19-4) 

gasohol  (gas'9  hoi)  A  mixture  of  gasoline 
and  alcohol.  (18-5) 

gastrovascular  cavity  (gas  tro  vas'kyo  lor 
kav'o  te)  The  central  cavity  of  coelenterates. 
(25-15) 

gene  (jen)  A  sequence  of  nucleotides  in  a 
chromosome;  the  unit  that  transmits  heredi¬ 
tary  traits.  (4-14) 

genetics  (jo  net'iks)  The  study  of  genes 
and  how  they  interact  with  each  other  in  the 
development  of  new  organisms.  (8-1) 

genotype  (jen'o  tip)  The  actual  alleles 
possessed  by  an  individual;  the  genetic  con¬ 
tent  of  an  organism.  (8-10) 

genus  (je'nos)  The  category  of  organisms 
just  above  the  species;  the  first  name  in  the 
scientific  name  of  an  organism.  (12-4) 

geotropism  (je  ot'ro  piz  om)  The  growth 
response  of  plant  roots  to  gravity.  (23-8) 

germinate  (jer'mo  nat)  To  begin  growing; 
to  sprout.  (21-5) 


germination  (jer  mo  na'shon)  The  begin¬ 
ning  development  of  the  plant  embryo  after  a 
period  of  dormancy.  (22-4) 

gestation  (jes  ta'shon)  period  In  live- 
born  organisms,  the  period  of  time  from  ferti¬ 
lization  to  birth.  (32-19) 

gibberellins  (jib  9  rel'inz)  Plant  hor¬ 
mones  that  stimulate  growth,  causing  in¬ 
creased  cell  division  and  cell  elongation. 
(23-6) 

gill  slits  (gil  slitz)  Openings  in  the  phar¬ 
ynx  that  extend  through  the  body  wall  and  to 
the  outside  environment;  present  in  many 
chordates  during  early  embryonic  devel¬ 
opment.  (29-1) 

gizzard  (giz'erd)  A  muscular  digestive 
structure  in  earthworms  and  birds  that  grinds 
food  with  the  help  of  ingested  sand  and  other 
abrasive  materials.  (26-18) 

glomerulus  (gl9  mer'ii  las)  A  tuft  of  capil¬ 
laries  in  a  nephron.  (35-8) 

glucagon  (glii'ks  gon)  A  hormone  from 
the  islets  of  Langerhans  that  has  the  opposite 
effect  of  insulin;  causes  glycogen  to  be  con¬ 
verted  to  glucose  and  sent  into  the  blood¬ 
stream.  (36-9) 

glycogen  (gll'ko  jsn)  A  carbohydrate  that 
is  the  storage  form  of  glucose  in  animal  cells. 
(3-16) 

glycolysis  (gll  kol'9  sis)  A  series  of  chem¬ 
ical  reactions  that  breaks  the  6-carbon  glu¬ 
cose  molecule  into  two  3-carbon  molecules 
of  pyruvic  acid;  also  called  anaerobic  respira¬ 
tion.  (5-15) 

goiter  (goi'tor)  Abnormal  enlargement  of 
the  thyroid  gland  caused  by  iodine  defi¬ 
ciency.  (36-7) 

Golgi  apparatus  (gol'je  ap  9  ra'tos)  The 
group  of  membranes  that  look  like  a  stack  of 
flattened  balloons  and  act  as  the  main  part  of 
the  cell’s  exporting  machinery.  (2-12) 

gonorrhea  (gon  9  re'9)  A  venereal  disease 
caused  by  a  bacterium  informally  known  as 
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the  gonococcus;  usual  signs  of  the  disease  are 
a  burning  sensation  and  a  puslike  discharge 
from  the  genital  organ.  (17-2) 

gram-negative  bacteria  Bacteria  that 
are  not  colored  by  Gram  stain.  ( 14-2) 

gram-positive  bacteria  Bacteria  that  ac¬ 
cept  and  are  colored  by  Gram  stain.  ( 1 4—2) 

grana  (gra'no)  Stacks  of  disklike  plates  in 
the  chloroplast.  (5-8) 

gray  matter  Interneuron  cell  bodies  that 
make  up  the  cerebral  cortex  and  the  interior 
of  the  spinal  cord.  (37-7) 

guanine  (gwa'nen)  One  of  the  nitrogen¬ 
ous  bases  that  compose  nucleic  acids,  bonds 
only  with  cytosine.  (4-3) 

guard  (gard)  cells  The  crescent-shaped 
cells  that  enclose  and  control  the  size  of  leaf 
pores  through  which  water  evaporates  and 
gases  are  exchanged.  (22-8) 

guttation  (gu  ta'shon)  The  forcing  of  wa¬ 
ter  out  through  the  tips  and  edges  of  leaves, 
caused  by  increased  osmotic  pressure  in  the 
roots.  (24-8) 

gymnosperms  (jim'no  sperms)  The 
group  of  seed  plants  that  produces  naked 
seeds,  or  seeds  that  are  not  enclosed  within  a 
fruit.  (21-3) 

habitat  (hab'o  tat)  The  physical  environ¬ 
ment  in  which  an  organism  naturally  lives 
and  grows.  (25-12) 

haploid  (hap'loid)  Having  only  one  set  of 
chromosomes.  ( 1 9—5) 

hemoglobin  (he  mo  glo'bon)  The  oxy¬ 
gen-carrying  molecule  in  red  blood  cells. 
(9-4) 

hemolytic  (he  mo  lit'ik)  Able  to  break 
down  red  blood  cells  and  small  blood  vessels. 
(30-6) 

herbicide  (her'bo  sid)  A  chemical  that 
kills  plants.  (23-4) 
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herbivore  (her'bo  vor)  A  plant-eating  or¬ 
ganism.  (42-3) 

hermaphrodite  (her  maf'ro  dlt)  An  ani¬ 
mal  that  has  functioning  male  and  female  re¬ 
productive  organs.  (25-19) 

heterocysts  (het'or  o  sists)  In  the  filament 
of  some  blue-green  algae,  weak  points  where 
the  filament  can  break.  (14-7) 

heterotrophic  (het  or  o  trof'ik)  bac¬ 
teria  Bacteria  that  cannot  make  their  own 
food;  dependent  on  organic  materials  that 
have  been  made  by  other  organisms.  (14-4) 

heterozygous  (het  or  o  zl'gos)  Having  un¬ 
like  alleles.  (8-12) 

holozoic  (hoi  o  zo'ik)  An  organism  that 
eats  solid  particles  for  food.  (15-1) 

homeostasis  (ho  me  o  sta'sis)  A  stable 
condition  in  the  internal  environment  of  the 
body.  (35-6) 

homologous  (ho  moTo  gos)  chromo¬ 
some  A  pair  of  chromosomes  identical  in 
form  and  gene  arrangement.  (6-13) 

homozygous  (ho  mo  zl'gos)  Having  like 
alleles.  (8-12) 

hormones  (hor'monz)  A  chemical  secre¬ 
tion  that  controls  and  coordinates  cell  and  or¬ 
gan  functions.  (23- 1 ) 

human  chorionic  (kor  e  on'ik)  gona¬ 
dotrophin  (gon  o  do  trof'in)  (HCG)  A 
hormone  that  retards  the  degeneration  of  the 
corpus  luteum  for  about  three  months  so  that 
the  corpus  luteum  produces  progesterone 
until  the  placenta  takes  over  progesterone 
production.  (39-1 1) 

hydrolysis  (hi  drol'o  sis)  The  chemical 
breakdown  of  a  substance  by  combination 
with  water.  (3-5) 

hyperglycemia  (hi  por  gli  se'me  o)  A 
high  blood  sugar  level  stimulated  by  a  hypo- 
secretion  of  insulin.  (36-9) 

hyphae  (hl'fe)  Branching  filaments. 
(16-4) 


hypocotyl  (hi  pa  kot'al)  The  region  of  the 
plant  embryo  between  the  radicle  and  the 
epicotyl.  (22-3) 

hypoglycemia  (hi  po  gli  se'me  a)  A  low 
blood  sugar  level  caused  by  secretion  of  ex¬ 
cess  insulin.  (36-9) 

hypothalamus  (hi  pa  thal'a  mas)  In  hu¬ 
mans,  the  region  of  the  brain  that  controls 
such  body  functions  as  thirst,  pleasure,  pain, 
anger,  sexual  drive,  and  secretion  of  pituitary 
hormones.  (37-14) 

hypothesis  (hi  poth'a  sis)  A  temporary 
explanation  of  observed  or  experimental  re¬ 
sults.  (1-12) 


icosahedron  (I  ko  sa  he'dran)  A  solid  geo¬ 
metric  figure  having  20  surfaces;  the  capsid  of 
many  viruses  that  take  this  form.  ( 1 3-3) 

immunity  (i  myii'na  te)  The  resistance  of 
one  organism  to  an  invading  organism  or  an¬ 
tigen.  (15-5) 

inorganic  (in  or  gan'ik)  com¬ 
pounds  Compounds  that  do  not  contain 
the  element  carbon.  (3-13) 

inspiration  (in  spa  ra'shan)  The  muscu¬ 
lar  activity  involved  when  the  diaphragm 
drops  into  the  abdomen,  creating  decreased 
air  pressure  in  the  thorax  and  causing  air  to 
rush  into  the  lungs.  (35-4) 

insulin  (in'sa  lin)  A  hormone,  produced 
in  the  islets  of  Langerhans,  that  helps  regulate 
the  quantity  of  sugar  in  the  blood;  functions 
to  decrease  the  blood  sugar  and  cause  it  to  be 
stored  as  glycogen.  (36-9) 

interferon  (in  tar  fir'on)  A  protein  that 
protects  animal  cells  against  infectious  vi¬ 
ruses.  (13-8) 

interphase  (in'tar  faz)  The  period  of 
growth  between  cell  divisions.  (6-2) 

interstitial  (in  tar  stish'al)  cell- 
stimulating  hormone  (ISCH)  A  hor¬ 
mone  from  the  anterior  lobe  of  the  pituitary 


gland  that  stimulates  the  nontubule  cells  of 
the  testes  (called  interstitial  cells)  to  produce 
male  hormones.  (39-2) 

intertidal  (in  tar  tl'dal)  zone  The  region 
in  a  marine  habitat  where  the  tides  ebb  and 
flow.  (46-3) 

invertebrate  (in  ver'ta  brit)  An  animal 
without  a  backbone.  (25-5) 

ion  (Tan)  An  atom  with  an  unequal  num¬ 
ber  of  electrons  and  protons;  a  charged  atom. 
(3-7) 

ionic  (I  on'ik)  bond  The  attraction  be¬ 
tween  ions  of  unlike  charge.  (3-8) 

iris  (Tris)  The  colored  portion  of  the  eye, 
behind  the  cornea  and  surrounding  the  pupil, 
that  regulates  the  amount  of  light  entering  the 
eye.  (37-18) 

islets  (I'lets)  of  Langerhans  (lang'ar 
hans)  The  small,  round  specialized  tissue  of 
the  pancreas  that  produces  insulin.  (36-9) 

isotopes  (Tsa  topz)  Atoms  of  the  same  ele¬ 
ment  differing  only  in  mass  number.  (3-6) 

Jacobson’s  organ  A  specialized  organ 
containing  nerve  endings  that  are  sensitive  to 
taste  and  smell,  located  in  the  roof  of  a 
snake’s  mouth.  (30-4) 

kidneys  The  bean-shaped  organs  that  lie, 
in  humans,  on  each  side  of  the  spine  in  back 
of  the  abdomen;  the  main  function  is  to  filter 
wastes  and  surplus  materials  from  the  blood 
and  to  put  these  wastes  into  a  form  that  can 
be  excreted  from  the  body.  (35-7) 

kilojoule  The  amount  of  energy  which, 
when  added  to  1  kg  of  water,  will  raise  the 
temperature  of  the  water  by  4.2°C.  (33-19) 

kinetochore  (ki  ne'to  kor)  The  darkened 
area  on  a  chromosome  where  the  chromatids 
are  attached.  (6-7) 

kingdom  In  biological  taxonomy,  the 
highest  category  in  a  hierarchy  that  includes 
all  organisms.  (12-4) 
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lactation  (lak  ta'shon)  Producing  milk. 
(39-13) 

larynx  (lar'ingks)  The  voice  box,  located 
between  the  pharynx  and  the  trachea  in  the 
human  respiratory  system.  (33-4) 

legumes  (leg'yumz)  Any  plant  of  a  large 
widely-distributed  family  of  plants  including 
peas,  beans,  alfalfa,  and  soybeans.  (43-5) 

lentic  (len'tik)  habitat  The  one  of  two 
freshwater  habitats  that  refers  to  standing  wa¬ 
ter,  including  all  kinds  of  lakes.  (45-1) 

lenticels  (len't9  sels)  Pores  in  the  cork  of 
woody  plants,  through  which  gases  are  ex¬ 
changed.  (22-1 1) 

lichen  (li'kon)  The  symbiotic  community 
of  certain  algae  and  fungi,  classified  as  one 
species.  (42-10) 

ligaments  (lig'o  ments)  The  dense  paral¬ 
lel  bundles  of  collagen  fibers  that  hold  bones 
together  at  a  joint.  (38-3) 

limnetic  (lim  net'ik)  zone  The  open- 
water  zone  that  extends  downward  to  a  depth 
where  there  is  enough  light  for  good  pho¬ 
tosynthetic  activity.  (45-4) 

littoral  (lit'or  9l)  zone  The  shallow-water 
region  where  light  penetrates  all  the  way  to 
the  bottom.  (45-4) 

lotic  (lo'tik)  habitat  The  one  of  two 
freshwater  habitats  that  refers  to  running  wa¬ 
ter,  including  rivers,  streams,  brooks,  creeks, 
springs,  or  other  water  habitats  with  cur¬ 
rents.  (45-1) 

luteinizing  (lti'te  0  nlz  eng)  hormone 
(LH)  The  hormone  that,  in  females,  stimu¬ 
lates  follicle  development  and  the  production 
of  estrogen  and  progesterone  by  the  ovaries. 
(39-4) 

lysin  (ITsin)  An  antibody  that  causes  the 
cell  walls  of  bacteria  to  break  open.  (17-5) 

lysis  (ll'sis)  The  bursting  open  of  bacteria 
after  replication  of  an  invading  virus.  ( 13-6) 
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lysosomes  (li'so  somz)  In  a  cell,  spherical 
bodies  that  contain  potent  protein  digestive 
enzymes.  (2-15) 

macronucleus  (mak  ro  nu'kle  os)  The 
large  nucleus  in  Paramecium  and  other  pro¬ 
tozoans  that  regulates  the  day-to-day  nutri¬ 
tional  activities  of  the  cell.  ( 1 5-4) 

malnutrition  (mal  nil  trish'on)  The  con¬ 
dition  that  results  when  one  or  more  essential 
foods  are  missing  from  the  diet.  (33-14) 

mantle  (man'tol)  A  fold  of  tissue  that  cov¬ 
ers  the  dorsal  surface  of  a  mollusk;  its  main 
function  is  to  secrete  a  limetone  shell.  (27-1) 

mariculture  (mar'o  kul  chor)  Marine 
farming;  mariculture  techniques  can  increase 
production  of  oysters,  clams,  and  fish.  (46-8) 

mass  (mas)  number  The  total  number  of 
protons  and  neutrons  in  the  nucleus  of  an 
atom.  (3-5) 

mechanoreceptors  (mek  9  no  ri 
sep'tors)  Sensory  nerve  endings  that  detect 
vibrations  and  respond  by  bending  or 
stretching.  (37-15) 

medulla  (mi  dul'a)  The  main  region  of  the 
brainstem  at  the  base  of  the  brain;  it  controls 
the  activity  of  vital  internal  organs,  including 
respiration  and  heart  beat.  (37-1 1) 

meiosis  (ml  o'sis)  Eucaryotic  cell  division 
that  distributes  one  set  of  two  complete  sets 
of  chromosomes  to  resulting  cells.  (6-12) 

melanin  (mel'9  nin)  The  pigment  that  col¬ 
ors  human  skin,  hair,  and  the  iris  of  the  eye. 
(9-3) 

menstrual  (men'stru  9l)  cycle  The  regu¬ 
lar  sequence  of  changes  that  takes  place  in 
the  mature  female  reproductive  system  when 
fertilization  does  not  occur.  (39-5) 

mesoderm  (tries' 9  derm)  The  middle  layer 
of  cells  in  an  embryo.  (26-1) 

metamorphosis  (met  9  mor'f9  sis)  A 
series  of  changes  in  form  in  the  development 


of  an  animal  as  it  matures.  (28- 13) 

metaphase  (met'9  faz)  [in  meiosis]  The 
state  in  which  the  crossing-over  of  portions 
of  homologous  pairs  of  chromosomes  is  com¬ 
pleted.  (6-13) 

metaphase  [in  mitosis]  The  stage  in  which 
the  chromosomes  become  aligned  along  the 
equator  of  the  cell  and  the  chromatids  finally 
separate.  (6-8) 

microbiology  (ml  kro  bl  ol'o  je)  The 
study  of  microorganisms.  (1-2) 

micronucleus  (ml  kro  nii'kle  os)  The 
small  nucleus  of  Paramecium  and  other  pro¬ 
tozoans  that  is  active  during  reproduction. 
(15-4) 

microorganism  (ml  kro  or'go  niz  3m)  A 
small  organism  that  is  visible  only  through  a 
microscope;  microbe.  (1-2) 

microvilli  (ml'kro  vil  I)  The  microscopic 
cells  that  line  the  surface  of  villi  in  the  small 
intestine.  (33-10) 

mitochondria  (ml  to  kon'dre  o)  In  the 
cytoplasm  of  a  cell,  round  or  rod-shaped 
bodies  in  which  most  of  the  energy-releasing 
chemical  reactions  occur;  the  “powerhouse” 
of  the  cell.  (2-13) 

mitosis  (ml  to'sis)  Eucaryotic  cell  division 
that  distributes  two  complete  sets  of  chromo¬ 
somes  to  resulting  cells.  (6- 1 ) 

molecule  (mol'o  kyiil)  Any  distinct  group 
of  atoms  held  together  by  a  chemical  bond. 
(3-1) 

molt  (molt)  To  shed  feathers,  skin,  shell, 
and  hair  before  a  new  growth.  (31-3) 

monerans  (mo  ne'rans)  Members  of  the 
kingdom  Monera,  characteristically  unicellu¬ 
lar  with  no  organized  nucleus  and  reproduc¬ 
ing  mostly  by  asexual  cell  division.  (14-1) 

monocotyledons  (mon'3  kot'9  le'dons) 
The  group  of  flowering  plants  that  have  one 
cotyledon  in  their  seeds.  (21-13) 


monoploid  (mon'3  ploid)  Having  one  set 
of  chromosomes.  (6-15) 

monosaccharide  (mon  9  sak'9  rid)  A 
single  sugar;  the  basic  component  of  car¬ 
bohydrates.  (3-14) 

mortality  (mor  tab  9  te)  The  rate  of  death 
within  a  population.  (41-4) 

mucus  (myii'kos)  A  slimy  glandular  secre¬ 
tion  that  lubricates  membranes  and  helps  fil¬ 
ter  particles  such  as  dust  and  bacteria  out  of 
the  air.  (33-8) 

mutagen  (myii'to  jen)  Any  one  of  many 
agents  that  may  alter  one  or  more  levels  of  the 
genetic  material.  (4-15) 

mutation  (myii  ta'shon)  Any  permanent 
change  in  one  or  more  inherited  genes  of  an 
organism.  (4-15) 

mutualism  (myii'chu  9  liz  9m)  The  most 
dependent  symbiotic  relationship  in  which 
each  party  depends  completely  upon  the 
other  for  its  survival.  (42-10) 

mycelium  (ml  se'le  9m)  The  mass  of 
hyphae  that  form  the  body  of  a  fungus. 
(16-4) 

myofibrils  (ml  9  fi'br9ls)  Bundles  of  fine 
threadlike  fibers  that  form  a  muscle  fiber. 
(38-11) 

myosin  (ml'9  sin)  The  thicker  bundles  of 
filaments  that  together  with  actin  compose 
the  myofibrils  in  muscle  fiber.  (38-1 1) 


natality  (na  tal'o  te)  The  birthrate  within 
a  population.  (41-4) 

nekton  (nek'ton)  The  ecological  category 
of  organism  that  includes  fishes,  amphibians, 
turtles,  and  a  variety  of  insects  that  are  good 
swimmers.  (45-3) 

nephridia  (ni  frid'e  9)  Excretory  units  of 
the  kidneys.  (26-21) 
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neritic  (ni  rit'ik)  zone  In  a  marine  habitat, 
the  shallow-water  region  over  the  continental 
shelf.  (46-3) 

nerve  (nerv)  A  group  or  bundle  of  neu¬ 
rons.  (37-2) 

neuron  (nur'on)  A  specialized  cell  that  is 
capable  of  receiving  stimuli  and  transferring 
those  stimuli  for  response;  also  called  a  nerve 
cell.  (37-2) 

neurotoxin  (niir  6  tok'sin)  A  poison  that 
acts  upon  the  nervous  system,  causing  paraly¬ 
sis.  (30-6) 

neuston  (niis'ton)  Organisms  that  rest  or 
swim  on  the  surface  of  a  freshwater  habitat. 

(45-3) 

neutron  (nu'tron)  An  electrically  neutral 
particle  in  the  nucleus  of  an  atom.  (3-5) 

niche  (nieh)  A  population’s  complete  role 
in  an  ecosystem.  (4 1-9) 

nitrogen  fixation  (nl'tro  jon  fik  sa'shon) 
The  conversion  of  atmospheric  nitrogen  into 
ammonia  (NH3)  or  usable  nitrates;  accom¬ 
plished  largely  by  bacteria.  (1 4-4) 

norepinephrine  (nor  ep  9  nef'rin)  A  hor¬ 
mone  secreted  by  the  adrenal  medulla;  it  is  a 
powerful  constrictor  of  arterioles;  it  supple¬ 
ments  the  effect  of  epinephrine.  (36-3) 

nucleocapsid  (nii  kle  3  kap'sid)  The  nu¬ 
cleic  acid  and  the  capsid  of  a  virus.  ( 1 3-3) 

nucleolus  (nii  kle'o  l9s)  A  small  spherical 
body  within  the  nucleus  of  a  cell  except  dur¬ 
ing  cell  division.  (2-6) 

nucleotide  (nii'kle  9  fid)  A  repeating  sub¬ 
unit  of  nucleic  acids,  composed  of  a  phos¬ 
phate,  a  deoxyribose,  and  a  nitrogen  base 
bonded  together.  (4-3) 

nucleus  (nii'kle  9s)  The  organelle  that 
contains  chromosomes  and  is  the  control  cen¬ 
ter  of  the  cell;  the  central  mass  of  an  atom. 
(2-6, 3-3) 


obligate  aerobes  (ob'lo  gat  ar'obz) 
Bacteria  that  must  have  oxygen.  (14-4) 

obligate  anaerobes  (ob'l9  gat  an  ar'obz) 
Bacteria  that  grow  only  in  the  absence  of  oxy¬ 
gen.  (14-4) 

ocean  current  In  an  ocean,  a  type  of  wa¬ 
ter  circulation  that  is  like  a  river.  (46-1) 

oceanic  (6  she  an'ik)  zone  The  region  of  a 
marine  habitat  beyond  the  neritic  zone. 
(46-3). 

olfactory  (ol  fak'tor  e)  nerves  Chem- 
oreceptors  with  endings  in  the  mucous  mem¬ 
brane  of  the  nasal  cavity;  chemicals  in  the  air 
strike  the  nerve  endings  and  trigger  impulses 
that  travel  through  the  olfactory  nerves. 
(37-17) 

omnivore  (om'no  vor)  An  organism  that 
feeds  on  both  plant  and  animal  substances. 
(32-8) 

oncogenic  (ong  ko  jen'ik)  Capable  of 
causing  cancer.  (13-7) 

operculum  (6  per'ky9  lorn)  The  hard 
structure  that  covers  the  gills  of  bony  fishes. 
(29-6) 

oral  groove  (or'9l  griiv)  A  deep  cavity 
along  one  side  of  Paramecium  and  certain 
other  protozoans.  ( 1 5-4) 

organ  (or'gon)  A  group  of  tissues  that  per¬ 
form  one  or  more  specific  functions.  (1-4) 

organelle  (or  go  nel')  Specialized  cell 
parts  contained  in  the  cytoplasm.  (2-6) 

organic  compounds  (or  gan'ik  kom'- 
pounds)  Compounds  that  contain  the  ele¬ 
ment  carbon.  (3-13) 

organism  (or'g9  niz  9m)  An  individual  liv¬ 
ing  thing.  (1-2) 

osmosis  (oz  mo'sis)  The  diffusion  of  water 
or  any  other  solvent  through  a  selectively 
permeable  membrane.  (7-5,  24-6) 

osteocytes  (os'te  9  sltz)  Bone  cells. 
(38-1) 
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ovary  (o'vor  e)  A  female  reproductive  or¬ 
gan  found  in  both  plants  and  animals.  (39-3) 

ovipositor  (o  v9  poz'9  tor)  A  long,  hollow 
tube  that  some  female  insects  use  to  bury 
eggs.  (28-13) 

ovum  (o'vom)  Egg;  female  gamete.  (39-3) 

oxytocin  (ok  si  to'sin)  The  hormone  that 
stimulates  the  release  of  milk  when  the  breast 
is  suckled  by  a  baby.  (39-13) 


pancreas  (pan'kre  os)  A  gland  that  lies  be¬ 
hind  and  slightly  below  the  stomach;  it  pro¬ 
duces  digestive  enzymes  and  the  hormone  in¬ 
sulin.  (33-1 1) 

pandemic  (pan  dem'ik)  Describing  an 
epidemic  disease  that  spreads  through  a 
whole  nation  or  the  world.  (17-1) 

parasite  (par'o  sit)  An  organism  living  in 
or  on  another  organism  (host)  at  the  expense 
of  the  host  organism.  (26-1) 

parasympathetic  (par  o  sim  po  thet'ik) 
nerves  In  the  autonomic  nervous  system, 
the  peripheral  nerves  that  aid  in  maintaining 
homeostasis  within  internal  organs,  such  as 
the  heart  and  the  glands.  (37-9) 

pasteurization  (pas  char  9  za'sh9n) 
Heating  and  then  rapid  cooling  of  a  liquid  to 
kill  bacteria.  (14-2) 

pathogenic  (path  9  jen'ik)  Capable  of 
causing  disease.  (13-2) 

pelagic  (po  laj'ik)  All  life  in  the  open  wa¬ 
ter,  including  all  the  plankton,  nekton,  and 
neuston.  (46-2) 

pellicle  (pel'9  k9l)  The  thickened  outer 
layer  of  the  plasma  membrane;  helps  flag¬ 
ellates  maintain  their  shape.  ( 1 5-3) 

pelvic  (pel'vik)  girdle  A  solid  structure 
made  of  three  bones  fused  together:  the 
ilium,  the  ischium,  and  the  pubic  bone;  in  hu¬ 
mans,  supports  the  muscles  and  bone  of  the 
upper  leg.  (38-7) 


penis  (pe'nis)  In  male  mammals,  the  organ 
through  which  urine  or  sperm  leave  the 
body;  the  male  reproductive  organ.  (39-1) 

peptide  (pep'tld)  A  short  chain  of  amino 
acids  (less  that  50  amino  acids).  (33-7) 

peptide  bond  The  chemical  bond  that 
links  amino  acids  together;  the  covalent  bond 
between  the  amino  group  of  one  amino  acid 
and  the  acid  group  of  another  amino  acid. 
(3-22) 

pericardium  (p9r  9  kar'de  9m)  A  saclike 
membrane  that  encloses  the  heart.  (34-7) 

periphyton  (p9  rife  ton)  Organisms  that 
are  attached  to  rooted  plants  or  objects  stick¬ 
ing  up  from  the  bottom  of  a  freshwater 
habitat.  (45-3) 

peristaltic  (per  9  staftik)  waves  Waves 
of  regular  muscular  contractions  in  the  walls 
of  the  digestive  tract  that  move  the  food 
along.  (33-5) 

permafrost  (per'mg  frost)  A  layer  of  soil 
that  remains  permanently  frozen.  (47-4) 

petri  (pa'tre)  dish  A  flat  glass  dish  with  a 
matching  cover  used  for  growing  cultures  in 
bacteriology.  (14-2) 

phage  (faj)  A  virus  that  infects  bacteria;  it 
is  also  called  a  bacteriophage.  (13-2) 

phagocytosis  (fag  9  si  to'sis)  The  process 
by  which  cells  take  in  solid  objects.  (7-10) 

pharynx  (far'ingks)  The  cavity  or  muscu¬ 
lar  tube  that  connects  the  mouth  and  nasal 
passage  with  the  esophagus.  (26-3) 

phenotype  (fe'n9  tip)  The  physical  ap¬ 
pearance  of  an  individual;  the  physical  result 
of  having  a  certin  pair  of  alleles.  (8-10) 

phloem  (flo'em)  The  vascular  tissue  in 
plants  that  conducts  food  down  from  the 
leaves.  (22-7) 

photoperiodism  (fo  to  pir'e  9  diz  9m) 
The  response  of  plants  to  varying  exposures 
to  light  and  darkness.  Flowering  is  one  re¬ 
sponse.  (23-9) 
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photophosphorylation  (fo  to  fos  for  3 

la'shsn)  The  process  by  which  light  energy 
links  a  phosphate  group  to  ADP  to  form  ATP. 
(5-6) 

photoreceptors  (fo  to  ri  sep'tsrs)  Cells, 
tissues,  or  organs  that  are  capable  of  trans¬ 
forming  light  into  sensory  nerve  impulses. 
(26-2) 

phototropic  (fo  to  trop'ik)  bacteria 
Bacteria  capable  of  using  light  energy  to  make 
food.  (14-4) 

phototropism  (fo  tot'rs  piz  am)  The  re¬ 
sponse  (bending)  of  a  plant  to  light.  (23-2) 

phylum  (fTlsrn)  The  category  of  organ¬ 
isms  just  below  the  highest  category,  the 
kingdom.  (12-4) 

physiology  (fiz  e  ol's  je)  The  study  of  the 
functions  of  organisms.  (1-3) 

phytoplankton  (fi  to  plangk'tsn)  Plant¬ 
like  plankton;  food  producers  (mostly  algae) 
that  carry  on  photosynthesis  and  are  the  be¬ 
ginning  of  grazing  food  chains  in  fresh  water. 

(45-3) 

pinocytosis  (pi  no  sT  to'sis)  The  process 
that  enables  a  cell  to  take  in  materials  in  liq¬ 
uid  solution.  (7-10) 

pituitary  (pi  tu'3  ter  e)  gland  The  “mas¬ 
ter  gland”  located  at  the  bottom  of  the  brain 
and  just  above  the  roof  of  the  mouth;  one  of 
its  major  functions  is  to  regulate  growth. 
(36-2) 

placenta  (pis  sen'ts)  A  large  thin  mem¬ 
brane  in  the  uterus  across  which  food  and 
wastes  are  exchanged  between  mother  and 
embryo  by  means  of  the  umbilical  cord. 
(39-9) 

plankton  (plangk'tsn)  Small  aquatic  or¬ 
ganisms  that  either  cannot  swim  or  swim 
poorly  near  the  surface  of  a  body  of  water 
and  serve  as  food  for  larger  organisms. 
(28-11) 

plaque  (plak)  A  clear  area  in  a  bacterial 
culture  where  a  phage  has  destroyed  all  the 


bacteria.  (13-6) 

plasma  (plaz'ms)  The  liquid  part  of  the 
blood;  yellow-brown  in  color  and  composing 
about  55  percent  of  the  blood.  (34-2) 

plasma  membrane  (plaz'ms  mem'bran) 
A  very  thin,  selectively  permeable  tissue  that 
surrounds  the  cytoplasm.  (2-8) 

plasmolysis  (plaz  mol's  sis)  The  shrink¬ 
age  of  cells,  caused  by  the  diffusion  of  water 
out  of  the  cells.  (24-7) 

plastid  (plas'tid)  An  organelle  in  the  cyto¬ 
plasm  of  plant  cells;  chloroplasts  are  the  most 
common  plastid.  (2-7)  c- 

pleura  (plur'o)  The  smooth,  moist  mem¬ 
brane  that  lines  and  lubricates  the  lungs  and 
inner  walls  of  the  chest  cavity.  (35-3) 

pollination  (pol  3  na'shsn)  The  process 
of  transferring  pollen  from  an  anther  to  a 
stigma.  (21-9) 

polygenic  (pol  e  jen'ik)  Involving  several 
genes  to  produce  a  trait.  (9-1) 

polysaccharide  (pol  e  sak'3  rid)  A  large 
carbohydrate  molecule  composed  of  simple 
sugars  bonded  together.  (3-16) 

polysome  (pol'e  som)  A  cluster  of  ribo¬ 
somes  attached  to  a  strand  of  messenger  RNA. 
(4-11) 

population  (pop  y3  la'shsn)  A  group  of 
organisms  of  one  species  defined  by  location 
and  time.  (41-1) 

precocial  (pri  ko'shsl)  Pertaining  to  a  cat¬ 
egory  of  birds  born  with  downy  feathers  and 
capable  of  running  about  within  hours  after 
hatching.  (31-10) 

primates  (prl'mitz)  Members  of  the  order 
of  mammals  that  includes  humans,  apes,  mon¬ 
keys,  marmosets,  and  lemurs.  (32-1 1) 

procaryotic  (pro'kar  e  o  tik)  cell  A  cell 
that  lacks  a  distinct  nucleus  and  other  mem¬ 
brane-bound  organelles.  (2-19) 
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producer  (pro  dii'ssr)  An  organism  or 
population  that  uses  photosynthesis  to  trans¬ 
form  light  energy  from  the  sun  into  food. 
(41-10) 

profundal  (pro  fun'dsl)  zone  The  water 
region  where  there  is  not  enough  light  for  a 
significant  amount  of  photosynthesis  to  oc¬ 
cur.  (45-4) 

proglottid  (pro  glot'id)  A  segment  of  a 
tapeworm’s  body.  (26-10) 

prolactin  (pro  lak'tin)  The  hormone  that 
stimulates  the  cells  in  the  breasts  to  produce 
milk.  (39-13) 

prophage  (pro'faj)  Viral  nucleic  acid  that 
acts  as  an  extra  set  of  genes  on  the  bacterial 
chromosome.  ( 1 3-6) 

prophase  (pro'faz)  [in  meiosis]  The  stage 
in  which  homologous  chromosomes  migrate 
to  the  equator  of  a  cell  where  crossing-over 
begins.  (6-13) 

prophase  [in  mitosis]  The  first  phase  of 
mitosis  during  which  the  nuclear  membrane 
disappears  and  chromatin  material  condenses 
into  doubled  chromosomes.  (6-6) 

proteases  (pro'te  as  ez)  Protein-digesting 
enzymes.  (33-13) 

proteins  (pro'tens)  Long  chains  of  amino 
acids  linked  together  by  peptide  bonds. 
(33-18) 

protista  (pro  tis'ts)  The  kingdom  that  in¬ 
cludes  unicellular  and  eucaryotic  organisms. 
(15-1) 

protists  (pro'tists)  Organisms  of  the  king¬ 
dom  Protista.  (15-1) 

proton  (pro'ton)  A  positively  charged  par¬ 
ticle  in  the  nucleus  of  an  atom.  (3-3) 

protozoa  (pro  to  zo's)  Animallike  protists. 
(15-1) 

pseudopodia  (sii  do  po'de  o)  False  feet. 
(15-2) 


psychosomatic  (si  ko  so  mat'ik)  Dis¬ 
orders  or  diseases  that  people  think  them¬ 
selves  into;  it  means  “mind  over  body.” 
(37-9) 

Punnett  (pun'it)  square  A  chart  used  to 
diagram  the  possible  genotypes  and  phe¬ 
notypes  of  the  offspring  of  a  cross.  (8-13) 

pupa  (pyii'po)  The  inactive  stage  in  the  life 
cycle  of  an  insect  that  undergoes  complete 
metamorphosis.  (27-14) 

pupil  (pyii'pol)  The  round  opening  in  the 
iris  of  the  eye.  (37-18) 

pyloric  sphincter  (pi  lor'ik  sfingk'tsr)  A 
ring  of  muscles  at  the  exit  of  the  stomach;  it 
controls  the  amount  of  food  that  can  enter 
the  intestine.  (33-6) 


R  group  The  group  of  atoms  that  dis¬ 
tinguishes  the  various  amino  acids.  (3-21) 

radial  symmetry  (ra'de  si  sim's  tre)  Sim¬ 
ilar  parts  regularly  arranged  about  a  central 
axis.  (25-3) 

radicle  (rad's  ksl)  The  region  of  a  plant 
embryo,  below  the  cotyledon  or  cotyledons, 
that  develops  into  the  roots.  (22-3) 

recessive  (ri  ses'iv)  trait  The  genetic 
trait  that  does  not  appear  as  a  phenotypic  ex¬ 
pression  in  a  hybrid.  (8-4) 

regeneration  (ri  jen  s  ra'shsn)  A  type  of 
asexual  reproduction  whereby  a  missing  part 
of  an  organism  regrows.  (25-1 1) 

releasing  (ri  les'eng)  factors  Chemicals 
produced  by  the  hypothalamus  that  flowr 
down  into  the  anterior  lobe  of  the  pituitary 
gland  and  stimulate  the  release  of  hormones. 
(36-2) 

replication  (rep  Is  ka'shsn)  Exact  dupli¬ 
cation;  often  used  in  reference  to  a  DNA 
molecule.  (4-5) 

respiration  (res  ps  ra'shsn)  All  the 
chemical  reactions  in  the  cell  that  take  food 
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molecules  apart  and  transfer  their  energy  to 
ATP.  (35-1) 

retina  (ret'o  no)  The  innermost  layer  of 
the  eye;  it  is  light-sensitive,  with  the  ex¬ 
panded  nerve  endings  of  the  optic  nerve. 
(37-18) 

Rh  antigen  An  antigen  found  on  the  sur¬ 
face  of  the  red  blood  cells  of  most  humans 
(Rh-positive);  can  cause  production  of  anti¬ 
bodies  if  injected  into  blood  lacking  the  factor 
(Rh- negative).  (9-12) 

rhizoids  (rTzoids)  Rootlike  extensions  of 
hyphae.  (16-5) 

rhizomes  (rT  zomz)  Underground  stems. 
(20-4) 

ribonucleic  (ri  bo  nti  kle'ik)  acid 
(RNA)  A  helical  nucleic  acid,  found 
throughout  the  cell,  that  contains  adenine, 
uracil,  guanine,  and  cytosine  nucleotides; 
present  in  messenger  and  transfer  forms, 
both  of  which  aid  in  protein  formation.  (4-7) 

ribosome  (ri'bo  som)  A  particle  on  the 
surface  of  the  endoplasmic  reticulum  that 
aids  in  protein  manufacture.  (2-12) 

rods  (rods)  Highly  modified  cells  of  the 
eyes  used  for  vision  in  dim  light  but  cannot 
detect  color.  (37-18) 


saliva  (so  ll'vo)  A  digestive  fluid  secreted 
into  the  mouth  by  the  salivary  glands.  (33-2) 

saprophytes  (sap'ro  fltz)  Organisms  that 
use  dead  organic  matter  as  their  source  of 
food.  (14-4) 

saprozoic  (sap'ro  zo'ik)  An  organism  that 
absorbs  soluble  nutrients  as  do  saprophytic 
bacteria.  (15-1) 

savanna  (so  van'o)  A  tropical  or  sub¬ 
tropical  grassland  with  scattered  trees  or 
clumps  of  trees  and  undergrowth  that  can  re¬ 
sist  drought.  (47-9) 

724 


Schwann  cells  The  cells  that  make  up  the 
myelin  sheath  wrapped  like  a  jelly  roll  around 
the  outside  of  an  axon.  (  37-2) 

sclera  (sklir'o)  A  tough  outer  layer  of  con¬ 
nective  tissue  that  protects  all  the  other  layers 
of  the  eye.  (37-18) 

selectively  permeable  (si  lek'tiv  le 
per'me  o  bol)  Allowing  only  certain  sizes  of 
molecules  to  pass  through;  permeable  to 
small  molecules  and  impermeable  to  large 
molecules.  (2-8) 

semen  (se'mon)  A  liquid,  produced  in  the 
male  reproductive  system,  that  provides  food 
and  proper  environment  for  a  thriving  sperm. 
(39-1) 

sex-linked  genes  Genes  on  the  X  or  Y 
chromosomes.  (8-17) 

sickle-cell  anemia  (sik'ol  sel  o  ne'me 
9)  A  genetic  disease  caused  by  the  presence 
of  an  abnormal  form  of  hemoglobin  in  red 
blood  cells;  the  abnormal  hemoglobin  has  the 
amino  acid  valine  instead  of  glutamic  acid  in 
two  of  the  four  polypeptides  in  the  hemoglo¬ 
bin  molecule;  genetic  disease  named  for 
sickle-shaped  red  blood  cells.  (3-25) 

solution  (so  lii'shon)  A  homogeneous 
mixture  where  one  substance  is  dissolved  in 
another.  (3-12) 

solvent  (sol'vont)  A  substance  that  can 
disperse  other  substances  and  create  solu¬ 
tions.  (3-12) 

sori  (sor'e)  Clusters  of  sporangia  that  ap¬ 
pear  on  the  underside  of  mature  fern  leaves. 
(20-4) 

species  (spe'shez)  One  or  more  groups  of 
natural  populations  that  normally  interbreed 
to  produce  fertile  offspring.  (12-3) 

spermatozoa  (sper  mo  to  zcVo)  Sperm;  the 
small,  motile  male  gametes.  (39-1) 

sphincter  (sfingk'tor)  A  ring  of  muscles 
that  acts  as  a  type  of  valve  to  control  the  flow 
of  material;  a  sphincter  above  the  esophagus 


keeps  material  in  the  stomach  from  coming 
back  up  the  esophagus  when  the  stomach 
muscles  contract.  (33-5) 

spinal  (spl'nol)  cord  A  ropelike  structure 
that  runs  along  the  dorsal  side  of  vertebrates; 
in  humans,  it  has  31  pairs  of  spinal  nerves 
that  extend  out  from  between  the  vertebrae. 
(37-7) 

spindle  (spin'dol)  The  network  of  fila¬ 
ments  to  which  chromosomes  become  at¬ 
tached  in  mitosis  and  meiosis.  (6-7) 

spiracle  (spl'ro  kol)  Tiny  breathing  holes 
on  an  insect’s  abdomen  that  are  external 
openings  of  tracheal  tubes.  (28-13) 

spirilla  (spl  ril'o)  Bacterial  cells  that  take 
the  shape  of  twisted  rods.  (14-3) 

spontaneous  generation  (spon  ta'ne  as 
jen  a  ra'shan)  The  belief  that  life  could  ap¬ 
pear  from  nonliving  material.  (2-4) 

sporangiophores  (spa  ran'je  a  forz) 
Vertical  hyphae  that  branch  up  from  the  root¬ 
like  rhizoids.  (16-5) 

sporangium  (spa  ran'je  am)  A  case  in 
which  spores  are  produced  and  stored  for 
asexual  reproduction.  (16-3) 

sporophyte  (spor'a  fit)  generation  The 

generation  of  plants  that  produces  spores. 
(19-4) 

spreading  factor  The  bacterial  enzyme 
that  dissolves  the  substance  that  makes  cells 
stick  together.  (17-3) 

stamen  (sta'man)  The  male  reproductive 
organ  of  a  flowering  plant;  it  produces  pol¬ 
len.  (21-8) 

sternum  (ster'nam)  Breastbone.  (38-6) 

stethoscope  (steth'a  skop)  A  medical  in¬ 
strument  used  to  listen  to  the  sound  of  the 
heart.  (34-14) 

stigma  (stig'mo)  The  top  of  the  carpel  in 
flowering  plants  where  pollen  must  land  be¬ 
fore  fertilization  can  occur.  (21-8) 


stoma  (sto'mo)  The  unit  on  a  leaf  con¬ 
sisting  of  two  guard  cells  and  a  pore.  (22-8) 

stroma  (stro'mo)  The  area  outside  the 
grana  within  the  chloroplast.  (5-8) 

style  (stil)  The  slender  stalk  of  the  carpel; 
it  supports  the  stigma  of  flowering  plants. 
(21-8) 

substrate  (sub'strat)  A  molecule  or  mole¬ 
cules  upon  which  enzymes  act.  (5-4) 

succession  (sok  sesh'on)  The  sequence  of 
change  in  number  and  size  of  plant  and  ani¬ 
mal  populations  in  a  community.  (44-3) 

symbiosis  (sim  bl  o'sis)  The  living  to¬ 
gether  of  different  organisms  in  a  close  rela¬ 
tionship  that  may  or  may  not  be  a  benefit  to 
any  or  all  members.  (42-6) 

sympathetic  (sim  po  thet'ik)  nervous 
system  A  division  of  the  autonomic  ner¬ 
vous  system  whose  nerves  produce  impulses 
that  can  release  energy  in  the  case  of  an 
emergency.  (37-7) 

synapse  (si  naps')  The  gap  between  the 
end  of  one  axon  and  the  beginning  of  the 
next  dendrite  branch.  (37-3) 

syphilis  (sif'o  lis)  A  venereal  disease 
caused  by  a  spiral  bacterium  (spirochete); 
signs  are  an  open  sore  where  the  organism 
entered  the  body  (usually  the  vagina,  penis, 
or  mouth)  and  swollen  lymph  nodes  in  the 
same  area.  (17-2) 

system  (sis'tom)  A  group  of  organs  that 
function  together  to  perform  one  or  more 
specific  functions.  (1-4) 


taiga  (fi'go)  The  swampy  evergreen  forest 
region  below  the  tundra  in  North  America 
and  Eurasia.  (47-5) 

taxonomist  (tak  son'o  mist)  A  biologist 
who  specializes  in  classifying  organisms. 
(12-2) 
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telophase  (tel'a  faz)  The  final  phase  in  the 
processes  of  mitosis  and  meiosis  during 
which  nuclear  and  cell  divisions  are  com¬ 
pleted.  (6-10) 

temperate  phage  (tem'par  it  faj)  A  bac¬ 
teriophage  that  does  not  cause  lysis  of  the 
host.  (13-6) 

tendons  (ten'dens)  Tough  bands  of  con¬ 
nective  tissue  that  attach  skeletal  muscles  to 
bone.  (38-13) 

testes  (tes'tez)  Male  reproductive  organs 
that  produce  sperm.  (25-19) 

testosterone  (tes  tos'ts  ron)  The  hor¬ 
mone  primarily  responsible  for  the  devel¬ 
opment  of  the  male  secondary  sex  character¬ 
istics,  including  the  lowering  of  the  voice  and 
the  growth  of  body  hair  in  the  pubic  region, 
underarm,  and  on  the  face.  (39-2) 

tetrad  (tet'rad)  The  group  of  four  chroma¬ 
tids  from  replicated  homologous  chromo¬ 
somes.  (6-13) 

thallophytes  (thal'a  fitz)  Plants  that  grow 
in  the  form  of  a  thallus.  (16-1) 

thallus  (thal'os)  A  plant  body  without 
roots,  stems,  or  leaves.  ( 1 6—  1 ) 

theory  (the'or  e)  Knowledge  continually 
supported  by  experimental  results.  (1-12) 

thorax  (thor'aks)  In  mammals,  the  cavity 
in  the  chest,  filled  mostly  by  the  lungs. 
(35-3) 

thylakoids  (thTlo  koids)  The  individual 
disclike  plates  in  grana.  (5-8) 

thymine  (thl'min)  A  nitrogenous  base  that 
bonds  with  adenine  in  DNA.  (4-3) 

thyroid  (thl'roid)  gland  A  paired  endo¬ 
crine  gland  found  in  the  neck  just  below  the 
larynx;  it  produces  the  hormone  thyroxin, 
which  increases  the  rate  of  cellular  respira¬ 
tion.  (36-3) 

thyroid-stimulating  hormone  (TSH) 

A  hormone,  from  the  anterior  lobe  of  the 

726 


pituitary  gland,  that  stimulates  the  thyroid 
gland  to  increase  the  absorption  of  iodine 
from  the  bloodstream  and  to  produce  and  se¬ 
crete  its  hormone.  (36-3) 

thyroxine  (thi  rok'sen)  A  hormone  manu¬ 
factured  by  the  thyroid  gland  to  increase  the 
speed  of  metabolism.  (36-7) 

tissue  (tish'ii)  A  group  of  cells  similar  in 
structure  and  function.  (1-4) 

trachea  (tra'ke  o)  Windpipe.  (34-4) 

tracheae  (tra'ke  e)  A  network  of  branch¬ 
ing  tubes  in  insects  that  carry  oxygen  directly 
to  the  cells  and  carbon  dioxide  away  from  the 
cells.  (28-13) 

translocation  (trans  16  ka'shon)  The 
transport  of  food  through  the  phloem  in 
leaves,  stems,  and  roots  of  vascular  plants. 
<24-9) 

transpiration  (tran  spa  ra'shan)  The  loss 
of  water,  as  water  vapor,  through  the  stom¬ 
ata,  or  pores,  in  the  leaves  of  plants.  (22-8, 
24-3) 

trichocysts  (tri'ko  sists)  Harpoonlike 
structures  that  normally  are  coiled  up  in  tiny 
sacs  in  the  ectoplasm  but  can  be  discharged 
in  defense.  (15-4) 

trichonosis  (trik  3  no'sis)  A  disease 
caused  by  the  presence  of  the  trichina  worm 
in  the  intestine  and  muscle  tissue.  (26-15) 

tundra  (tun'dra)  A  vast  and  level  treeless 
plain  that  covers  much  of  the  northern  part 
of  the  world.  (47-4) 

turgor  (ter'gar)  The  pressure  of  water 
that  keeps  small  plants  without  woody  tissue 
rigid  and  upright.  (24-7) 

unicellular  (yu  na  sel'ya  lar)  Pertaining 
to  a  single  cell.  ( 1 4—  1 ) 

upwelling  (up  wel'ing)  In  an  ocean,  a 
type  of  water  circulation  that  is  vertical,  with 
water  flowing  from  the  bottom  upward. 
(46-1) 


uracil  (yur'o  sal)  A  nitrogen  base,  found 
only  in  RNA,  that  pairs  with  adenine.  (4-7) 

urea  (yu  re  a)  A  nitrogen  by-product  of 
protein  metabolism.  (35-6) 

ureter  (yu  re'tar)  A  tube  through  which 
urine  flows  from  a  kidney  to  the  bladder. 
(35-9) 

urethra  (yu  re'thra)  A  tube  leading  from 
the  bladder,  through  which  urine  is  released. 
(35-9) 

urine  (yur'an)  Water  that  contains  nitro¬ 
genous  waste  matter  and  small  quantities  of 
other  substances.  (35-8) 


vacuole  (vak'yu  ol)  An  enlarged  cytoplas¬ 
mic  vessel  that  may  contain  stored  water, 
food,  or  waste.  (2-7) 

vagina  (vo  jl'no)  A  canal  in  the  female  re¬ 
productive  system  that  connects  the  uterus  to 
the  exterior.  (39-1) 

vas  deferens  (vas  def  9  renz)  In  the  male 
reproductive  system,  a  tube  that  stores  sperm 
and  transports  sperm  to  the  seminal  vesicle 
and  the  prostrate  gland.  (39-1) 

venereal  (vo  nir'e  ol)  diseases  Diseases 
that  are  spread  by  contact  with  the  genital  or¬ 
gans.  (17-1) 

ventricles  (ven'tro  kolz)  The  two  lower 
chambers  of  a  heart  from  which  blood  is 
pumped  to  the  lungs  and  body.  (29-12) 

verification  (ver  o  fo  ka'shon)  The  proc¬ 
ess  of  repeating  an  experiment  to  prove  a  hy¬ 
pothesis.  (1-12) 

vertebrae  (ver'to  bre)  Bones  of  the  spinal 
column  of  vertebrates.  (38-6) 

villi  (vilT)  Millions  of  tiny  hairlike  projec¬ 
tions  on  the  walls  of  the  intestine;  they  in¬ 


crease  the  inside  surface  area  and  aid  absorp¬ 
tion.  (33-10) 

virology  (vl  rol'o  je)  The  study  of  viruses. 
(13-4) 

virulence  (vir'yo  Ions)  Potency.  ( 1 3-5) 

virulent  phage  (vir'yo  lent  faj)  A  bac¬ 
teriophage  that  causes  lysis.  (13-6) 

virus  (vl'ros)  An  extremely  small  particle 
that  is  capable  of  reproduction  and  hereditary 
transmission  but  lacks  other  properties  of  life. 
(14-1) 

vitamins  (vTto  mins)  Chemical  com¬ 
pounds  that  are  essential,  in  small  amounts,  to 
the  health  and  growth  of  organisms.  (33-23) 

vitreous  (vit're  os)  humor  A  fluid  that 
fills  the  chamber  behind  the  lens  of  the  eye. 
(37-18) 

white  matter  Bundles  of  axons  and  den¬ 
drites  with  myelin  sheaths  in  the  exterior  of 
the  spinal  cord  and  the  interior  of  the  human 
brain.  (37-7) 

xylem  (zTlem)  In  plants,  the  vascular  tis¬ 
sue  that  carries  water  and  minerals  to  leaves, 
supports  the  plant,  and  sometimes  stores 
food.  (22-6) 

zoology  (zo  ol'o  je)  The  study  of  animals. 
(1-2) 

zooplankton  (zo  o  plangk'ton)  Animal¬ 
like  plankton;  consumers,  many  of  which 
feed  on  the  phytoplankton.  (45-3) 

zygospore  (zTgo  spor)  A  zygote  with  a 
tough  outer  shell.  (16-5) 

zygote  (zl'got)  The  new  cell  or  individual, 
that  results  from  the  fusion  of  egg  and  sperm 
in  sexually  reproducing  organisms.  (21-10) 
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A  antigen,  131 
Abcission,  33 1 
Abdomen 
arachnid,  406 
insect,  416-417 
Abiotic  environment,  616-617 
Absorption,  485,  493,  494-495 
of  alcohol,  603 
Abyssal  zone,  663 
Acellular  slime  mold,  239-240 
Acetic  acid,  266 
Acetylcholine,  548,  580 
Acid  group,  44 
Acid  rain,  640,  64 1 
Acromegaly,  539 
Actin,  580-581 
Activated  sludge,  270 
Active  artificial  immunity,  255 
Active  natural  immunity,  255 
Active  site,  68-69 
Active  transport,  95,  495 
Adaptability  of  mammals,  465 
Adaptation,  natural  selection  and, 
145-152 
Addiction,  596 
Addison’s  disease,  542 
Adenine,  55 

Adenosine  diphosphate  (ADP), 
69-70 

anaerobic  respiration  and,  510 
and  dark  and  light  reaction,  74-76 
in  glycolysis,  78 
Adenosine  triphosphate  (ATP), 
69-70,  581,  639 
and  dark  and  light  reactions, 

74-76 

in  glycolysis,  78 
Adhesion,  339 
Adipose  tissue,  499 
Adrenal  cortex,  538-539,  541-542 
Adrenal  gland,  539-540,  540-541 
Adrenaline  (epinephrine),  540-541 
Adrenocorticotrophic  hormone 
(ACTH),  538-539 
Adult  stage,  4 18 
mammals  and,  466 
Aedes  mosquito,  248 
Aerobic  respiration,  78,  506-507 


cardiac  muscle  and,  5 10-5 1 1 
Afferent  nerve,  551 
Afterbirth,  592 
Agar,  194-195,  230 
Agglutination  reaction,  130-131 
Agglutinin,  253 
Agouti,  117-118 
Air  bladder,  226 
Airborne  disease,  246-247 
Alanine,  44 
Albinism,  123-124 
Albumin,  47 
Alcohol,  265-266 

and  alcohol  abuse,  602-606 
gasohol  and,  272 
Alcoholism,  604-605 
Aldosterone,  542 
Algae,  225-232,  26l 
blue-green,  26,  73,  172,  204-206 
brown,  225-229 
green,  230-232 
lichens  and,  240-242 
red,  229-230 
Algal  blooms,  639-640 
Algin,  228 
Alleles,  107-108 
codominant,  116 
incomplete  dominant,  115-116 
inheritance  of  blood  type  and, 
131-132 

multiple,  117-118 
Allergic  reaction,  130 
Alligator,  451-452 
Alpha  carbon,  44 
Alpha  chain,  49-50 
Alternation  of  generations,  279-282, 
286 

Altricial  bird,  462 
Alveoli,  525 

Amino  acid,  44,  72,  77,  497 
as  basic  protein  structural  unit, 

44,  46 

digestion  and,  485,  490,  49 4 
genes  and,  62,  122 
genetic  mutation  and,  62-63 
nitrogen  use  of,  637 
protein  structure,  function,  and, 
47-50 


Amino  group,  44 
Ammonia,  637 
Amoeba,  211-213 
Amoebocyte,  354,  355 
Amoeboid  motion,  2 1 2 
Amphetamine,  599 
Amphibians,  427-428,  433-440 
Anaconda,  449 

Anaerobic  respiration,  78,  510 
Anal  fin,  431 
Anal  pore,  216 
Anal  sphincter,  496 
Anaphase,  83,  85 
Anatomy,  3 
Anemia,  379,  500 
Aneurysm,  518 
Angiosperm,  299,  303-312 
Animal  dispersal  of  seeds,  309 
Animal  pollinator,  306 
Animal  virus,  181,  186-187 
Animalia,  170,  350 
Animals,  3,  170,  349-352 
body  symmetry  of,  351 
characteristics  of,  349 
kinds  of,  349-350 
regional  descriptive  terms  for, 
351-352 

See  also  specific  kinds  and  phyla. 
Annelida,  381-386,  665 
Annual  growth  ring,  310,  325 
Annual  plant,  678 
Anopheles  mosquito,  248 
Antelope,  472 
Antennae,  411,  4l4 
insect,  417 
Anterior,  351 

Anterior  lobe,  537-539,  585 
Anther,  304 
Antheridium,  280,  286 
fern,  292 
horsetail,  290 
Anthropologist,  155 
Antibiotic,  237,  257-258 
Antibody,  129-131,  497,  508 
and  immunity,  252-257 
Anticoagulant,  379,  429 
Anticodon,  59-60,  61 
Antidiuretic  hormone  (ADH),  539 
Antigen,  129-131,  253 
Antitoxin,  254 
Antler,  477 


Ant,  419,  422 
Anus,  377,  382,  496 
Anvil,  564 
Aorta,  513-514,  515 
Ape,  474 
Aphid,  422 
Aphotic  zone,  663 
Apical  dominance,  331 
Apical  meristem,  318,  331 
Appendages,  352 
of  arthropod,  403,  406,  411,  4 14 
of  vertebrate,  428 
Appendicular  skeleton,  574, 
575-576 

Appetite,  492-493 
Aquatic  animal,  352,  357 
Aqueous  humor,  564 
Arachnid,  406-4 1 1 
Arboreal,  677 
Archegonium,  280,  286 
fern,  292 
horsetail,  290 
Armadillo,  477 
Arms,  starfish,  395-397 
Arterial  blood,  513 
Artery,  4l4,  432,  511-512 
coronary,  515 
Arteriole,  512,  515,  516 
Arteriosclerosis,  517-518 
Arthropod,  403-422 
arachnid,  406-4 1 1 
crustacean,  411-415 
insect,  416-422 
Artificial  selection,  145-146 
Ascaris,  378-379 
Ascomycete,  234,  236-237,  240 
Ascus,  234,  237 
Asexual  reproduction 

bacterial  binary  fission,  199-200 
budding,  236 
of  coelenterates,  362-363 
of  ferns,  294 
of  green  algae,  232 
moss  fragmentation  and  gemmae, 
283,  286 

oiPlanaria,  572-573 
ofprotists,  210 
of  sponges,  355-357 
Aspartic  acid,  77 
Aspergillus,  257 
Aster  family,  311-312 
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Aster  filament,  85 
Asthma,  527 
Atherosclerosis,  518 
Atomic  number,  30-3 1 
Atom,  29-33 

Attenuated  virus,  178,  184 
Auditory  canal,  565 
Auditory  nerve,  565 
Auricle  (ear),  564 
Auricle  (heart),  370,  371-372 
Australopithecus  africanus, 
155-157 

Australopithecus  boisei,  157 
Australopithecus  robustus,  156 
Autonomic  nerve,  554-556 
Autosome,  114,  133 
Auxin,  329-331 
Axial  skeleton,  574 
Axon,  547-551 


B  antigen,  131 
Bacilli,  196 
Backbone,  352,  574 
Backcross  (testcross),  108 
Bacteria,  26,  129,  145,  172, 

193-204 

and  bacteriophages,  178-179, 
184-186 

disease  and,  245-258,  505,  507 
growth  and  nutrition  of,  198-199 
industrial  uses  of,  263-272 
as  nitrogen  fixers,  637 
reproduction  of,  199-203 
shapes  of,  195-197 
study  of,  193-195 
Bacteriology,  193-195 
Bacteriophage,  178-179,  184-186 
Badger,  471,  480 
Baleen,  473 
Baltimore,  David,  187 
Barbiturate,  597-598 
Barb,  456 
Barbule,  456 
Bark,  323-324 
Barnacle,  411,  415 
Barr,  Murray,  137 
Barr  body,  137 
Basal  disc,  359 
Base-pairing  rule  (DNA),  55 


Basidia,  238 

Basidiomycete,  234,  238 

Basidium,  234 

Bat,  469 

Beak,  455 

Bear,  480 

Beaver,  469 

Beef  tapeworm,  375-376 
Beer,  265 
Bee,  419,  422 
Beetle,  418-419,  422 
Belly  (muscle),  582 
Benthos,  655 
Beta  chain,  49-50 
Beverage  industry  use  of  microbes, 
265-267 
Biceps,  582 

Bicuspid  valve,  509,  513 
Bilateral  symmetry,  351 
of  flatworm,  369 
Bile,  493,  494 

Binary  fission,  199-200,  205 
by  protists,  210 
Binocular  vision,  474 
Biological  method,  7-10 
direct  observation,  7 
experimental  approach,  7-10 
Biological  sewage  treatment,  270 
Bioluminescence,  221 
Biome,  671-672 
Biosphere,  6,  7 
Biota,  616-617 
ecological  cycles  and,  633 
Biotic  community,  6l6 
Bird  parasite,  462 
Birds,  427-428,  455-462 
circulatory  system  of,  458-459 
feathers  of,  456-457 
flight  of,  460-462 
food  and  digestion  of,  458 
reproduction  of,  462 
respiratory  system  of,  459-460 
skeleton  of,  457-458 
Birth  rate,  6l4 
Bison,  472 
Bitter,  562 
Bivalve,  392-393 
Black  bread  mold,  19 
Black  widow  spider,  409 
Bladder,  534 
Blades,  226,  227 
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Blight,  236 

Blood,  35,  384,  505-508 
antibodies  and  antigens  in, 
129-131 
arachnid,  406 
endocrine  system  and,  537 
food  absorption  and,  485,  493, 
494-495 

homeostasis  and,  529-533 
red  cells  in,  49,  93-94 
regulation  of  sugar  in,  543-544 
Rh  antigen  in,  132-133 
types  of,  131-132 
See  also  Circulatory  system. 
Blood  letting,  386 
Blood  type,  131 
Blood  vessel,  384,  509-512 
Blowhole,  473-474 
Blubber,  42 

Blue-green  algae,  26,  73,  172, 
204-206 
Body  structure 
of  amphibians,  436 
animal  descriptive  terms  for, 
351-352 
of  arachnids,  406 
classification  and,  166 
of  coelenterates,  357-358,  359 
of  crustaceans,  4 1 1 
of  insects,  416-418 
of  Planaria,  370 
of  roundworms,  377-378 
of  sponges,  353-354 
Body  temperature 

amphibian,  land  animals,  and, 
433-436 

of  birds,  458-459 
blood  and  regulation  of,  505,  517 
cold-blooded  animals  and,  436 
homeostatic  mechanisms  for, 
528-529 

warm-blooded  animals  and,  456, 
465 

Bog,  277-278 
Bonding,  chemical,  32-33 
of  amino  acids,  44-49 
compounds  and,  33 
covalent,  32-33 
and  energy,  67-69,  72 
of  hydrogen  in  water  molecule, 
34-35 


ionic,  32-33 
Bone,  428,  539 
tissue,  569 

Bony  fishes,  431-432 
Book  lung,  406 
Botany,  3 
Botulism,  199 

Bowman’s  capsule,  531-532 
Bracken  fern,  291-292,  294 
Bracket  fungus,  238 
Brackish  water,  667 
Brain,  385,  427,  428,  551 
in  humans,  556-560 
in  mammals,  466,  474 
Brainstem,  556-558 
Branches,  318 
Bread  making,  266 
Bread  mold,  235 
Breast,  465,  592 
Brittle  star,  399 
Bromouracil,  62 
Bronchi,  525,  608 
Bronchiole,  525,  527 
Bronchitis,  608 
Brown  algae,  225-229,  665 
Brown  recluse  spider,  409 
Bryophytes,  277-294 
liverworts,  283-286 
mosses,  278-283 
Bubonic  plague,  248 
Budding,  236,  356,  362 
Bud,  279 

Buerger’s  disease,  607 
Butter,  263 
Buttermilk,  263 


C3  plant,  77 
C4  plant,  77 
Cabbage  bug,  418 
Calcium,  500,  517,  543 
in  bone  tissue,  569 
Calcium  carbonate,  354,  365 
Calcium  ion,  581 
Calvin  cycle,  76-77 
Calyx,  304 
Camel,  472 
Camera  eye,  394 
Canal,  353 
Cancer,  63,  608-609 


viruses  and,  186-188 
Canines,  478,  486 
Capillary,  384,  390,  432,  495,  512 
lymph,  519 

respiration  and,  523,  525 
in  systemic  circulation,  515,  516 
Capsid,  181,  183-184 
Capsomer,  181 
Capsule,  197 
Capsule  fruit,  309 
Carapace,  4l4,  451 
Carbohydrate,  36-39,  180 
digestive  system  breakdown  of, 
485,  493-494 
disaccharide,  37-39 
human  need  of,  498 
monosaccharide,  36 
polysaccharide,  39 
Carbon,  30 
in  amino  acids,  44 
cycle,  634-636 
organic  compounds  and,  36 
Carbon  dioxide,  74,  266 
carbon  cycle  and,  634-636 
in  dark  reactions,  76-77 
gas  exchange  and,  355 
pulmonary  circulation  and,  439 
respiratory  system  and,  523-528 
Carbon  dioxide  question,  635 
Carbon  monoxide,  607 
Carcinogen,  607 
Cardia,  490 

Cardiac  muscle  tissue,  509-510,  577 
Caribou,  480 
Caries  (tooth  decay),  487 
Carnivore,  44 0,  468,  471,  479,  623 
Carotene,  74 
Carpel,  304-305 
Carrageenin,  230 
Carrier,  125-127,  247 
Carrying  capacity,  676 
Cartilage,  428,  539 
tissue,  569-571 
Cartilage  fish,  429-431 
Cartilagenous  joint,  576 
Cat  family,  471 
Catalyst,  68 
Caterpillar,  422 
Catfish,  431 
Cattle,  472 
Caudal  fin,  430,  431 


Cecum,  478 
Cell  cycle,  81-83 
Cell  division,  16,  23,  81 
development  and,  3 1 5 
Cell  growth,  315 
Cell  plate,  85 
Cell  theory,  13-15,  19 
Cell  wall 

of  bacteria,  197 
of  blue-green  algae,  205 
development  of,  319 
of  fungi,  234 
of  green  algae,  230 
structure  of,  18-19 
transport  in  plants  and,  342-349 
Cells 

general  structure  of,  16-26 
level  of  organization  of,  4-5 
life  and  death  of,  6 
liquid  movement  in  91-96 
Cellular  differentiation,  315 
Cellular  energy,  67-68 

metabolism,  enzymes,  ATP,  and, 
67-70 

from  photosynthesis,  72-77 
from  respiration,  78 
Cellular  reproduction,  16,  81-88 
cell  cycle,  81-83 
meiosis,  86-88 
mitosis,  83-86 

Cellular  slime  mold,  239-240 
Cellulose,  39,  349 
in  algae,  228 

herbivore  digestion  of,  478 
Cementum,  487 
Centipede,  403 
Central  cell,  307 
Central  nervous  system,  551 
Centriole,  23-24,  83-84 
Cephalopod,  393-394 
Cephalothorax,  406 
Cerebellum,  556,  558 
Cerebral  ganglia,  37 1 ,  392 
Cerebrum,  556,  558-559 
Cervical  vertebrae,  574 
Cervix,  591-592 
Chameleon,  446 
Chaparral,  679 

Characteristics,  inheritance  of,  16, 
104-1 10 

See  also  Genetics. 


Cheese,  263-2 64 
Chelicerae,  406 
Cheliped,  4 14 

Chemical-bond  energy,  67-68 
in  photosynthesis,  72,  74-76 
of  respiration,  78 
Chemical  bonds.  See  Bonding, 
chemical. 

Chemical  compound,  33 
Chemical  digestion,  485,  486 
Chemoreceptor,  370,  385,  4 14 
human,  557,  561-562 
Chemotherapy,  257 
Chemotrophic  bacteria,  199 
Chewing,  485 
Chicken  pox,  247,  248 
Chigger,  4 1 1 
Childbirth,  591-592 
complete  proteins  and,  498 
Rh  antigen  and,  132-133 
See  also  Pregnancy. 

Chimpanzee,  474 
Chinese  liver  fluke,  373-375 
Chipmunk,  469,  479 
Chitin,  234,  404-405,  422 
Chlamydomonas,  230-231 
Chlorella,  231-232 
Chloride  ion,  32,  496 
Chlorophyll,  16,  22,  26 
in  algae,  226,  229,  230 
in  blue-green  algae,  204-205 
photosynthesis  and,  73-74,  75-7 6 
Chlorophyll^  73-74 
Chlorophyll  b,  73-74 
Chlorophyta,  226 
Chloroplast,  16,  22,  54,  172 
oiEuglena,  222 
of  green  algae,  230 
of  guard  cells,  322 
internal  membranes  of,  93 
reproduction  of,  85 
and  photosynthesis,  73-77 
Choking,  489 
Cholera,  248 

Chondrus  crispus,  229-230 
Chordates,  427-480 
amphibians,  433-440 
birds,  455-462 
fishes,  428-432 
mammals,  464-480 
reptiles,  442-452 


Choroid,  563 
Chromatid,  83-85,  87 
crossing-over  of,  114 
Chromatin,  16,  54 
Chromatophore,  438-439,  446 
Chromosome  aberration,  140-141 
Chromosome,  16,  23,  24 
autosomes  and,  114,  133 
cell  division  and,  83,  85 
during  crossing-over,  114-115 
diploid,  282 
formation  of,  54 
in  gametes,  88-89 
genes  and,  62,  111-112 
giant,  114 
of  green  algae,  232 
haploid,  279 
in  procaryotic  cells,  191 
sex,  112-114,  133-137 
Chrysophyta,  219-221 
Chyme,  490-492 
Cigarette,  606-608 
Cilia,  23,  252,  392 
in  flatworm,  369-370 
in  nasal  cavity,  523 
inprotist,  214-217 
Ciliate,  214 
Cilophora,  214-217 
Circulatory  system,  439 
amphibian  double,  436,  439-440 
of  birds,  456,  458-459 
digestion,  food  transport,  and,  485 
of  earthworms,  384 
of  fishes,  432 
of  humans,  502-520 
of  mollusks,  390,  392 
open,  414,  418 
of  reptiles,  444 
smoking  and,  607 
See  also  Blood. 

Cirrhosis,  604 
Clam,  389,  392 
Class,  170 

Classification  system  of  life,  165-172 
Clavicle,  576 
Claw,  428,  444 
Climax  community,  645 
Climax  vegetation,  671-672 
Climbing  fern,  294 
Clitellum,  382,  385 
Clostridium,  199 


Clotting  of  blood,  508,  518,  607 
Cnidoblast,  358,  359 
Cobra,  449 
Cocaine,  599 
Cocci,  195-196 
Coccyx,  574 
Cochlea,  565 
Cocoon, 419 
Codeine,  597 
Codominance,  1 16 
Codon,  57-58,  60-61 
Coelenterata,  357-3 66,  665 
Coelom,  378,  381,  398 
Coenzyme,  68 
Cohesion,  34-35,  339 
Cohesion-tension  theory,  340-34 1 
Cold-blooded,  436 
Collagen  fiber,  570,  571-572 
Collar  cell,  354-355 
Colon  (large  intestine),  495-496 
Colony,  191-192,  225 
of  blue-green  algae,  205 
of  protists,  209 
of  sponges,  353-354 
Colorblindness,  137-138 
Colostrum,  255 
Commensalism,  628-629 
Common  cold,  186,  245,  528 
Community,  6 

ecological  succession  and, 
643-650 

population,  ecosystem,  and, 
613-620 

Compact  bone,  569 
Companion  cell,  320 
Competitive  exclusion  principle, 
643-644 

Complete  metamorphosis,  418-419 
Complete  protein,  498 
Complex  viral  structure,  181,  182 
Composite  of  aster,  311-312 
Compound  eye,  41 1,  4l4,  417 
Compound  fracture,  576 
Compound,  33,  654 
in  ecological  cycles,  633 
organic,  36 

Concentration  gradient,  92 
osmosis  and,  93-94 
Cone  (eye),  564 
Cone  (pine  tree),  300 
Conidia,  237 


Conifer,  299-302,  673 
Conjugation,  216-217 
of  molds,  235 

Connective  tissue,  571-572 
Constriction,  517 
Constrictor,  448-449 
Consumer,  72,  619 
Contact  disease,  248 
Contagious  disease,  245 
Continental  shelf,  662 
Continuous  trait,  122 
Contour  feather,  456 
Contractile  vacuole,  212,  216,  222, 
231 

Contraction,  muscle,  580-581 
Control,  8 

Coordination,  355,  547,  558 
in  earthworm,  385 
in  hydra,  362 
in  starfish,  398 
Copperhead,  448,  449 
Coral,  357,  365-366 
Coral  reef,  230,  365-366 
community,  665-666 
Coral  snake,  449 
Coralline  algae,  230 
Cork  cambium,  323-324 
Cormorant,  644 
Cornea,  563 
Corolla,  304,  311 
Coronary  artery,  515 
Coronary  heart  attack,  518 
Corpus  luteum,  588-589,  591 
Cortex,  558-559 
Cortisol,  541-542 
Cottage  cheese,  264 
Cottontail,  470 
Cotyledon,  307,  310,  316 
Covalent  bond,  32-33 
double,  42 
peptide,  47 
of  water  molecule,  34 
Cowbird,  462 

Crab,  403,  411,415,  629,  667 
Cranium,  428 
Crayfish,  411-414 
Cream  cheese,  264 
Cretinism,  542 
Crick,  Francis,  54-55 
Cristae,  21 
Crocodile,  451-452 
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Cro-Magnon  human,  l6l 
Croup,  382,  391,  438 
Crossbreeding,  103-106 
Cross-fertilization,  373,  385 
Crossing-over,  87,  114-115 
Cross-pollination,  305 
Crown,  486-487 
Crustacean,  411-415,  665 
Crustose  lichen,  240 
Crystalline  lens,  563 
Cuckoo,  462 
Culture,  194 
Culture  medium,  194 
Curd,  263-264 
Curdling,  263 
Current 

as  limiting  factor,  654 
and  mass  flow,  92 
in  organism,  35 
Cuticle  (animal),  378 
Cuticle  (plant),  320 
Cyanophyta,  192 
Cycad,  302 
Cypress,  299 
Cyst 

of Euglena,  222 
of  protozoan,  210-211 
of  trichina  worm,  381 
Cysteine,  44 
Cytokinesis,  83,  85-86 
Cytokinins,  333 
Cytoplasm,  16,  19-24 
of  bacteria,  196 
of  blue-green  algae,  205 
cytokinesis  and,  83,  85-86 
of  protists,  211 
RNA  in,  57-61 
Cytosine,  55 
Cytoskeleton,  23 

Dairy  industry  use  of  microbes, 
263-264 

Dark  reaction,  74,  76 

Darkness,  bacteria  growth  and,  198 

Dart,  Raymond,  155 

Darwin,  Charles,  150,  292,  329-330 

Daughter  cell,  16,  24,  81,  83 

Day-neutral  plant,  335 

DDT,  149 

Death  and  life,  6-7 

Death  rate,  6l4 


Decay,  234,  26 1 
Deciduous  forest,  675 
Deciduous  teeth,  478 
Decomposer,  619-620,  640 
Deer,  472 
Defecation,  496 
Definitive  host,  373 
Deforestation,  685 
Dehydration  synthesis,  37,  39,  42, 

46 

in  protein  synthesis,  61 
Delirium  tremens  (DT’s),  604 
Denatured  alcohol,  602 
Denatured  protein,  47 
Dendrite,  547-551,  553 
Denitrification,  637 
Denitrifying  bacteria,  637 
Dentin,  487 

Deoxyribonucleic  acid  (DNA), 
53-64,  115,  122 
of  bacteria,  196,  199-200 
genes,  mutations,  and,  62-64 
genetic  code  translation  and, 

56-58 

in  procaryotic  cells,  191 
protein  synthesis  and,  59-61 
reproductive  replication  of,  81-83 
structure  of,  53-5 6 
in  viruses,  181,  182 
Deoxyribose,  55 

Depolarization  movement,  549-550 
muscle  contraction  and,  580-581 
Depressant,  596,  602 
Dermis,  428,  476 
Desert  shrub,  679 
Desertification,  67 6,  685 
Desert,  678-679 
Detergent,  639 
Detritus,  647 
food  chain,  626-627 
Deuterium,  31 
Development,  315 
Dextrose,  36 
Diabetes,  64,  540 
Diaphragm,  526-527 
Diastole,  513,  516 
Diatomaceous  earth,  220-21 
Diatom,  220 
Dicot,  310 

Diffusion,  92,  212,  361,  371,  384, 
390 


735 


Digestion  and  digestive  systems,  5, 
22 

of  amphibians,  440 
of  arachnids,  406-407 
of  birds,  358 
of  earthworms,  382 
offlatworms,  371 
of  humans,  485-500 
of  hydras,  361 
ofmollusks,  391 
of  roundworms,  377-378 
of  sponges,  354-355 
of  starfish,  397-398 
See  also  Food. 

Digestive  enzyme,  361,  485-486, 
490-491 
Dihybrid,  108 
cross,  108-110 
Dilation,  517 
Dinoflagellate,  221 
Dinosaur,  443 
Diphtheria,  199,  247,  255 
Diplococci,  195 
Diploid,  282 
Diploid  cell,  88 
Direct  observation,  7 
Disaccharide,  37,  494 
Discontinuous  trait,  121-123 
Disease,  245-258 

antibodies  and,  129-130 
blood  and,  505 
cancer,  186-188,  608-609 
chromosome  aberration  and, 
140-141 

defenses  against,  251-258, 
507-508 

genetic,  121,  125-129,  134-138 
obesity  and,  499 
parasitic  worms  and,  373-376, 
378-381 

spread  of,  245-248 
venereal,  248-249 
viruses  and,  177,  178,  180 
white  blood  cells  and,  507-508 
Disk,  396 
Disk  flower,  312 
Dispersal  medium,  35 
Distal,  352 

Division  (phylum),  170,  226 
DNA.  See  Deoxyribonucleic  acid. 
Dog  family,  471 


Dolphin,  473 
Dominance,  103-106 
codominance,  116 
discontinuous  traits  and,  122-123 
incomplete,  115-116 
Dormancy,  299,  307,  316 
Dorsal  blood  vessel,  384 
Dorsal  fin,  430,  431 
Dorsal  nerve  cord,  427-428 
Dorsal  region,  351 
Dorsal  root,  553 
Double  bond,  42 
Double  circulatory  system,  436, 
439-440 

Double  fertilization,  307 
Down  feather,  456 
Down’s  syndrome,  141 
Dragonfly,  418 

Driving,  alcohol  and,  605-606 

Drone,  419 

Drug 

and  drug  abuse,  595-608 
manufacture  of,  268 
pregnancy  and,  142 
Duckbill  platypus,  466 
Dulbecco,  Renato,  187 
Duodenum,  493,  49 4 
Duodenum  ulcer,  491-492 
Dysentery,  248 


Ear,  56 1,  564-566 
Early  wood,  324-325 
Earthworm,  382-385 
Echinoderm,  395-400,  665 
Ecological  equivalents,  673 
Ecological  niche,  617-620,  643 
Ecological  pyramid,  626 
Ecology,  6,  617 

dependency  patterns  in,  623-630 
and  ecological  cycles,  633-640 
and  ecological  succession, 
643-650 
Ecosphere,  6 

human  population  and,  683-688 
Ecosystem,  6 

population,  community,  and, 
613-620 
Ectoderm,  369 
Ectoparasite,  373 
Ectoplasm,  211,  216 


Edward’s  syndrome,  141 
Efferent  nerve,  551 
Eggs 

anterior  lobe  hormones  and,  538 
of  birds,  456,  462 
of  earthworms,  385 
of  ferns,  292 

hydra  ovary  production  of,  362 
insect  metamorphosis  and, 
418-419 

of  moss  archegonium,  280 
of  pine  cones,  301 
of  reptiles,  444-44 5 
of  sponges,  356-357 
Elastic  tissue,  511-512,  526-527 
Electron,  29,  30,  75 
Electron  microscope,  19 
Element,  30 

in  ecological  cycles,  633 
Embryo,  298,  589,  590 
development  of  seed  plant, 
315-316,  318-322 
of  flowering  plant,  307 
of  pine  tree,  30 1 
Emigration,  6l4 
Emphysema,  528,  608 
Enamel,  487 
Endemic,  245 

Endocrine  system,  537-544 
Endocytosis,  96 
Endoderm,  369 
Endoparasite,  373 
Endoplasm,  211,  216 
Endoplasmic  reticulum,  20-21,  85, 
495 

Endoskeleton,  428 
of  reptiles,  443 
Endosperm,  298,  301,  316 
Endosperm  nucleus,  307 
Endospore,  200-201 
Endotoxin,  250 
Energy,  22,  36,  67,  498 
cellular  metabolism  and,  67-70 
ecological  dependency  patterns 
and,  623-627 
fat  storage  of,  40-42 
photosynthesis  and,  72-77 
population  crisis  and,  686-687 
from  respiration,  78 
Entomology,  4l6 
Envelope  (virus),  181,  182 


Environment,  141-142 
Enzymes,  63 
albinism  and,  123 
of  bacteria,  196 
control  of  metabolic  reactions 
and,  68-70 
digestive,  361,  494 
fungi  and,  234 
photosynthesis  and,  76 
plant  embryo  germination  and, 
317 

polypeptide  chains  and,  122-123 
in  procaryotic  cells,  191 
spreading  factor  of,  250 
Epicotyl,  316 
Epidemic,  245-246 
Epidermis,  227,  290,  476 
of  flowering  plant,  320-321 
of  hydra,  359 
of  vertebrate,  428 
Epididymis,  585 
Epiglottis,  489 

Epinephrine  (adrenaline),  540-541 
Epiphyte,  278 
Equilibrium,  566 
Equisetum,  289 
Erosion,  277 

Erythrocyte  (red  blood  cell),  49, 
505-507,  525,  544 
concentration  gradient  and,  93-94 
Erythropoietin,  544 
Escherichia,  196,  202 
Esophagus,  382,  489,  492 
Essential  amino  acid,  497-498 
Estrogen,  587,  588 
Estrous  cycle,  480 
Estuary,  667-668 
Ethyl  alcohol,  602 
Ethylene,  331-332 
Eucaryotic  cell,  25,  78 
nuclear  DNA  in,  54,  81 
Euglena,  172,  221-222 
Euglenophyta,  221-222 
Eumycophyta,  234 
Euphotic  zone,  663 
Eustachian  tube,  565 
Eutrophication,  640 
Evaporation,  436 
Evolution,  151-152 
Excretion  and  excretory  system,  374 
colon  storage  and,  496 


of  earthworms,  382,  384 
of  humans,  528-534 
of  hydras,  362 
of  Planaria,  371 
of  roundworms,  377-378 
Exocytosis,  21,  25,  96 
Exoskeleton  404-405,  422 
of  reptiles,  443 
Exotoxin,  250,  255 
Experimental  approach,  8-10 
Expiration,  526-527 
Exponential  growth,  683-684 
External  ear,  564 
Extinction,  5,  6,  6 14 
Extracellular  digestion,  361,  371 
by  earthworms,  382 
Eye,  561,  563-564 
of  arachnid,  406 
of  cephalopod,  394 
of  reptile,  445,  446 
of  snail,  391 
Eye  spot 

of  Chlamyclomonas,  231 
of Euglena,  222 
of  Planaria,  370,  371-372 

Facilitated  diffusion,  95 
Facultative  anaerobe,  199 
Fallopian  tube,  588,  590 
Family,  170 
Fat,  40-42,  72,  77 

digestive  system  breakdown  of, 
485,  493,  494 
energy  storage  and,  40-41 
growth  hormone,  539 
human  need  of,  498-499 
lymph  vessels  and,  519 
structural  function  of,  41-42 
structure  of,  42 
Fatty  acid,  42,  485,  494-495 
Feather,  428,  455,  456-457 
Feces,  374 

beef  tapeworm  life  cycle  and, 
375-376 

colon  storage  of,  496 
hookworm  life  cycle  and,  380 
Female  reproductive  system, 
586-592 

Fermentation,  193,  262 

in  food  and  beverage  industry, 
265-267 


Fern,  291-294 
Fertilization,  588,  590 

of  flowering  plants,  306-307 
of  mosses,  280 
of  nonseed  plants,  297 
Fertilizer,  271,  637 
phosphate,  639 
Fetus,  591 
Fibrin,  508 
Fibrinogen,  508 
Fibroblast,  571-572 
Fibrous  joint,  576 
Fibrous  root,  310 
Filament  (colony),  205,  209,  232, 
234-235 

Filament  (flower),  304 
Filter-feeder,  354,  392 
Fins,  428 

of  bony  fishes,  431 
of  cartilage  fishes,  430-431 
Fir  tree,  299 

Fire,  and  Homo  erectus,  1 59 
First  filial  generation  (Fi),  103-106 
Fishes,  427-432 
bony,  431-432 
cartilage,  429-431 
jawless,  428-429 
Fishlike  mammal,  473-474 
Flagella,  23 
in  bacteria,  197 
in  collar  cells,  354 
in  green  algae,  231 
in  procaryotic  cells,  191 
in  protists,  213-214,  221,  222 
Flagellate,  213 
Flatworm  361,  369-376 
Flax,  267 

Fleming,  Alexander,  258 
Flight,  bird,  460-462 
Flight  feather,  456 
Flipper,  428 
Flower,  299,  303,  305 
ethylene  and,  332-333 
Fluke,  373-375 
Fluorescent  light,  75 
Flying  mammal,  469 
Foliose  lichen,  240 
Follicle,  hair,  476 
Follicle,  ovary,  587,  588 
Follicle-stimulating  hormone  (FSH), 
586,  587,  588 


Fontanel,  574 
Food 

of  animals,  349 
of  bacteria,  198 

basic  human  needs  in,  496-500 
blood  transport  of,  505 
of  coelenterates,  358,  360-361 
offlatworms,  371 
of  fungi,  234 
insects  and,  417,  422 
plant  conduction  of,  319-320, 
339-344 

of  protists,  210,  212 
seed  endosperm,  298 
of  snakes,  448-449 
See  also  Digestion  and  digestive 
systems. 

Food-borne  disease,  247 
Food  chain,  623-625 
kinds  of,  626-627 
Food  industry  use  of  microbes, 
265-267 

Food  poisoning,  250 
Food  supplement,  267 
Food  vacuole,  212,  216 
in  hydra,  361 
in  sponge,  355 
Food  web,  623-625 
Foramen  magnum,  155-156 
Foraminifera,  212-213 
Formed  element,  505,  532 
Fossil,  213 
Fracture,  576 
Fragmentation,  283,  286 
Free-living,  370,  376 
Freshwater  habitat,  6l4,  653-658 
Frog,  433,  437-439 
Frond,  29 2 
Fructose,  36 
Fruit,  299,  308 
ripening  of,  331-332 
seed  dispersal  and,  308-310 
Fruit  fly  {Drosophila  melanogaster ), 
112 

Fruitsucking  bat,  469 
Fruticose  lichen,  240-241 
Fucoxanthin,  226 
Fucus,  226 

Fuel  production  from  sewage, 
271-272 

Fungi,  172,  233-242 


ascomycetes,  234,  236-237 
basidiomycetes,  234,  238 
phycomycetes,  234,  235-236 
Fungi  Imperfecti,  234 
Fungus  infection,  247 


G  phase  (gap),  82,  85 
Galactose,  36,  127-128 
Galactosemia,  127-128 
Gallbladder,  493 
Gamete,  86,  88,  103,  585,  586 
in  green  algae,  232 
Gametophyte,  279-281,  286,  297 
of  ferns,  292-294 
of  horsetails,  290 
oflycopods,  291 
of  pine  cones,  300-301 
and  pollen  grains,  304-305 
Ganglia,  552 
Gangrene,  199 
Gas  exchange,  355 
of  amphibians,  436 
of  birds,  459-460 
of  crustaceans,  4 1 1 ,  4 14 
of  earthworms,  384 
of  hydras,  361-362 
insect  tracheal  system  and,  417 
of  mollusks,  392 
of  Planaria,  371 
of  starfishes,  398 
See  also  Respiration  and 
respiratory  systems. 

Gasohol,  272 
Gasoline,  272 
Gastric  juices,  490 
Gastric  mill,  4l4 
Gastrodermis,  359,  36 1 
of  flatworms,  369 
Gastroenteritis,  248 
Gastropod,  390-392 
Gastrovascular  cavity,  359,  361,  365 
offlatworms,  369,  371 
Gemmae,  283,  286,  294 
Gemmule,  356 
Generative  cell,  306 
Genes,  62,  99,  107,  122 
alleles  and,  107-108 
linkage  and  crossing-over  of, 
114-115 

mutations  and,  62-64 


sex-linked,  112-114 
Genetic  code,  56-58 
Genetic  disease,  121 
chromosome  aberration  and, 
140-141 

recessive  genes  and,  125-129 
sex-linked,  134-138 
Genetic  engineering,  63-64,  638 
viruses  and,  180-181 
Genetics,  101-118 
human,  121-142 
and  natural  selection,  145-152 
sex-linked  genes  and,  111-114 
trait  inheritance  and,  101-111, 
114-118 

Genital  herpes,  249 
Genotype,  107-110 
Genus,  170 

Geographic  barrier,  67 1 
Geotropism,  334 
Germination,  301,  307 
seed  plant  embryo  development 
and,  316-337 
Gestation  period,  480 
Giant  chromosome,  114 
Gibberellin,  333 
Gila  monster,  445,  446 
Gill  slits,  427 
Gills,  238,  390,  392 
of  amphibians,  436 
of  crustaceans,  411,  4 14 
of  fishes,  428,  431 
Ginkgo,  302 
Giraffe,  472 
Gizzard,  382,  458 
Glands 

human  endocrine  system  and, 
537-544 

of  mammals,  476-477 
salivary,  486 
Globulin,  508 
Glomerulus  531-532 
Glucagon,  544 
Glucose,  36,  77,  494,  498 
facilitated  diffusion  and,  95 
and  respiration,  78 
surplus,  530 
Glutamic  acid,  125 
Glyceraldehyde  phosphate,  76-77 
Glycerol,  42,  485,  494,  495 
Glycine,  44 


Glycogen,  39,  40, 540 
Glycolysis,  78 
Golden  algae,  219-220 
Golgi  apparatus,  20-21,  85,  96 
Gonorrhea,  249 
Gopher,  469 

Gradual  metamorphosis,  418 
Grain  fermentation,  265-266 
Grain,  311 
Gram,  Hans,  194 
Gram-negative,  194 
Gram-positive,  194 
Grana,  22,  73 
Granulocyte,  507-508 
Grass,  311 
Grasshopper,  422 
Gray  matter,  553 
Grazing  food  chain,  626 
Green  algae,  230-232 
Green  gland,  4l4 
Greenhouse  effect,  635-636 
Greenstick  fracture,  576 
Growth  hormone,  539 
Growth  region,  318 
Guanine,  55 
Guano,  637 
Guard  cell,  322 
Guard  hair,  476 
Gulf  Stream,  66 1 
Gullet,  216,  222 
Gustatory  nerve,  562 
Guttation,  343 
Gymnosperm,  299-302 

Habitat,  357,  366,  613-61 4 
ecological  niche  and,  643 
freshwater,  653-658 
marine,  660-668 
terrestrial,  671-680 
Hagfish,  428-429 
Hair,  428,  465-466 
mammal,  476 
Hallucinogen,  600 
Hammer,  564 
Hamster,  469 
Hand,  474 
Haploid,  279 
Hardwood,  326 
Hare,  469-470 
Head,  403-404 
insect,  416-417 


Heart,  5,  378,  384 
of  amphibians,  439-440 
of  birds,  456,  458 
of  crayfishes,  414 
double  circulatory  system  and, 
439 

of  fishes,  432 

human  circulatory  system  and, 
505-520 

of  mollusks,  390,  392 

of  reptiles,  444 

See  also  Circulatory  system. 

Heart  attack,  508,  518 
Heart  wood,  326 
Heat,  67-68 
See  also  Temperature. 

Hedgehog,  468 
Heidelberg  man,  157-158 
Heimlich  hug,  489 
Helical  viral  pattern,  181,  182 
Hemlock,  299 

Hemoglobin,  49,  125,  384,  506 
vertebrate  use  of,  432 
Hemolytic  venom,  449 
Hemophilia,  138 
Herbicide,  331 
Herbivore,  44 0,  472,  623 
cellulose  digestion  of,  478 
Heredity.  See  Genetics. 
Hermaphrodite,  362,  373,  385 
Heroin,  597 
Heterocyst,  205 
Heterotrophic,  234 
Heterozygous  genes,  108 
discontinuous  traits  and,  122-123 
Hibernation,  479-480 
High-speed  wing,  46 1 
Hippocampus,  560 
Holdfast,  226,  227 
Holozoic,  210 

Homeostasis,  528-529,  537,  617 
Homeostatic  mechanism,  528-529 
Homo  erectus,  157-160 
Homo  sapiens,  108 
Homologous  chromosome,  87 
Homozygous  genes,  108 

discontinuous  traits  and,  122-123 
Honeybee,  4 19,  643-644 
Hoofed  mammal,  472-473 
Hooke,  Robert,  13 
Hookworm,  379-380 


Hormones,  329 
blood  transport  of,  505 
female  reproductive  system  and, 
587,  588-589,  591-592 
human  endocrine  system  and, 
537-544 

male  reproductive  system  and, 
585-586 
plant,  329-333 
Horned  lizard,  445 
Horns,  428,  477 
Hornwort,  277,  286 
Horse,  472 
Horsetail,  289-290 
Host,  370,  373,  627 
Host-type  viral  classification,  182 
Housefly  adaptations,  149 
Human  ancestors  and  evolution, 
155-162 

Human  chorionic  gonadotrophin 
(HCG),  591 

Human  genetics,  121-142 
blood  and,  129-133 
chromosomes,  heredity,  and, 
133-142 

environment  and,  14 1-142 
genetic  disease  and,  125-129 
inheritance  patterns  of,  121-124 
Human  population  and  ecosphere, 
683-688 

Human  systems,  474 
circulatory,  505-520 
digestive,  485-500 
endocrine,  537-544 
excretory,  528-534 
muscular,  577-582 
nervous,  547-566 
respiratory,  523-528 
skeletal,  569-576 
Hummingbird,  458 
Hunger,  492 
Hybrid,  108 
Hydra,  357,  358-363 
Hydrochloric  acid,  491 
Hydrogen,  44 
Hydrogen  atom,  29,  30 
Hydrogen  bond,  35 
in  DNA,  55 
Hydrogenation,  42 
Hydrolysis,  37,  42 
Hyperglycemia,  540 
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Hyphae,  234-235 
of  lichens,  240-242 
of  mushrooms,  238 
of  yeast  and  molds,  235-237 
Hypocotyl,  316 
Hypoglycemia,  540 
Hypothalamus,  537-540,  559-560 
Hypothesis,  9-10 

Icosahedron,  181,  182 
Iguana,  445 
Ileum,  493 
Ilium,  576 
Immigration,  6 14 
Immunity,  252-257 

natural  and  artificial,  255-257 
Immunity  system,  188 
Impetigo,  248 
Implantation,  590-591 
Incisor,  478,  486 
Incomplete  dominance,  115-116 
Incomplete  metamorphosis,  418 
Infectious  hepatitis,  248 
Inferior  vena  cava,  516 
Influenza,  177,  246 
Inheritance.  See  Genetics. 
Inhibition,  329 
Ink  sac,  394 
Inner  ear,  565 
Inorganic  compound,  36 
Insectivore,  468 
Insectivorous  bat,  469 
Insect,  350,  403,  406,  416-422 
metamorphosis  of,  418-419 
Insertion,  muscle,  582 
Inspiration,  526-527 
Insulation,  42 
Insulin,  64,  543 

Integration,  of  nervous  system,  547 
Integument,  428,  429 
of  amphibians,  436,  438 
mammal  adaptations  of,  476-478 
Intelligence  of  mammals,  465 
Interferon,  188 
Intermediate  host,  373 
Interneuron,  551-552 
Interphase,  81-83 
Interstitial  cell,  586 
Interstitial  cell-stimulating  hormone 
(ICSH),  586 
Intertidal  zone,  662 


Intervertebral  disc,  570 
Intestine,  382 
diseases  of,  247 
large,  495-496 
parasites  in,  375,  378,  379 
small,  490,  491,  493-495 
snail,  391 

Intracellular  digestion,  361 
Invertebrates,  352 
Iodine,  500,  539,  542 
Ionic  bond,  32-33 
Ion,  31-32,  496 
Iris,  563 

Irish  moss,  229-230 
Iron,  500 
Ischium,  576 

Islets  of  Langerhans,  543-544 
Isotope,  31 

Jackrabbit,  470 
Jacobson’s  organ,  447 
Java  man,  157-158 
Jawless  fish,  428-429 
Jaws,  snake,  44 8 
Jejunum,  493 
Jellyfish,  357,  363-364 
Jenner,  Edward,  178 
Joint,  570,  576 
Journal,  8 
Juniper  tree,  299 

Keel,  458 
Kelps,  227,  228 
Keratin,  476 
Kidney,  384,  530-533 
hormones  of,  544 
Kilojoule,  498 
Kinetochore,  83-85,  87-88 
Kingdom,  170,  350 
Klinefelter’s  syndrome,  135 
Knee-jerk  reflex,  553 
Labor,  591-592 
Labrador  Current,  66 1 
Lactation,  592 
Lactic  acid,  193-194,  263 

anaerobic  respiration  and,  510 
Lactose,  37,  128 
Ladybird  beetle,  422 
Laminaria,  227 
Lamprey,  428-429 
Larch,  299 

Large  intestine  (colon),  495-496 


Larva,  357,  399,411 
Larval  stage,  418-419 
Larynx,  489,  524 
Late  wood,  324-325 
Lateral  meristem,  323 
Lateral  region,  351 
Leafy -form  liverwort,  284 
Leaves,  316,  331 
of  conifers,  299 
primary  growth  of,  318-322 
transport  function  of,  339-344 
vein  systems  of,  310 
Leech,  385-386 

Leeuwenhoek,  Anton  van,  193,  209 
Left  atrium,  439,  509,  513 
Left  ventricle,  509,  513 
Legs,  428 
of  reptiles,  444 
Legumes,  637 
Lemur,  474 

Lentic  habitat,  653,  656-657 
Lenticel,  323 

Leukocyte  (white  blood  cell),  252, 
507-508, 520 
Levels  of  organization,  4-6 
Librium,  598 

Lichen,  240-242,  278,  630,  647 
Life  and  death,  6-7 
Ligament,  572 
Light  reactions,  74-75 
Limbic  system,  560 
Limiting  factors,  6 1 5 
of  habitats,  653,  671 
human  population  and,  688-689 
Limnetic  zone,  656-657 
Linen  manufacture,  267 
Linkage,  114 
Linnaeus,  Carolus,  170 
Lipid,  180,  495 

Liquid  cellular  movement,  91-96 
diffusion  through  membranes  and, 
93-95 

Littoral  zone,  656-657 
Liver,  493,  604 
Liverwort,  277,  283-286 
Lizard,  445-446 
Llama,  472 

Lobster,  403,411,415 
Locomotion,  349 
of  amphibians,  436 
of  bivalves,  393 


of  cephalopods,  394 
of  earthworms,  382 
of  fishes,  430-431 
human  skeletal  system  and,  574 
of  hydras,  359-360 
ofmollusks,  389 
of  Planaria,  370 
of  roundworms,  378 
of  snakes,  447 
of  starfishes,  397 
Long  bone,  575 
Long-day  plant,  335 
Lotic  habitat,  653,  658 
LSD,  600 

Lumbar  vertebrae,  574 
Lumber,  300 
Lung,  378,  392,  608 
of  amphibians,  436 
of  birds,  460 

blood  transport  of  oxygen  and, 
505,  506 

human  respiration  and,  523-528 
pulmonary  circulation  and,  439, 
516 

of  reptiles,  444 
of  whales,  473 

Luteinizing  hormone  (LH),  587,  588 

Ly copod,  290-291 

Lymph  capillary,  519 

Lymph  node,  520 

Lymphatic  circulation,  518-520 

Lymphatic  system,  495 

Lymphocyte,  252-255,  508,  520 

Lysin,  254 

Lysine,  44 

Lysis,  185 

Lysosome,  22-23,  212 
Lytic  cycle,  185 

Macrocystis,  227 
Macronucleus,  216 
Macrophage,  252,  508,  520 
Maggot,  419 

Malaria,  126,  218-219,  245,  248, 
251 

Male  reproductive  system,  585-586 
Malic  acid,  77 
Malignant  tumor,  63 
Malnutrition,  496 
Maltose,  37 

Mammals,  427-428,  464-480 


743 


adaptations  of,  476-480 
Mammary  gland,  477 
Mandible  (bone),  574 
Mandible,  4l4 
Maneuvering  wing,  46 1 
Mantle,  389-390 
Manufacturing  uses  of  microbes, 
267-269 

Marchantia,  284-286 
Mariculture,  667-668 
Marijuana,  598-599 
Marine  habitat,  6l4,  660-668 
Marsupial,  467 
Marsupium,  467 
Mass  flow,  92 
Mass  flow  theory,  344 
Mass  number,  31 
Mastigophora,  213-214 
Maternal  age,  trisomy  and,  14 1 
Mature  community,  645 
Measles,  177,  246,  247 
Mechanical  digestion,  485 
teeth  and,  486-487 
Mechanoreceptor,  385,  391,  4 14 
human,  561,  564-566 
Medial  region,  351 
Medicine  manufacture,  268 
Medulla,  540,  557 
Medusa,  359 
Meiosis,  86-88 

crossing-over  during,  1 14 
Melanin,  123-124 
Membrane 

diffusion  through,  93-95 
plasma,  17-18,  4 1,  93 
Memory,  560 

Mendel,  Gregor,  101-106,  110 
Mendelian  pattern,  121 
Meninges,  553 
Meningitis,  553 
Menstrual  cycle,  588-590 
Mescaline,  600 
Mesoderm,  369-370,  378 
Mesoglea,  338,  359 
of  jellyfish,  363 
Messenger  RNA  (mRNA),  57 
Metabolism,  68-70,  528 
thyroxine  and,  542-543 
Metamorphosis,  418-419,  44 1 
Metaphase,  83,  85 
Methadone,  601-602 


Methane  production,  271 
Methyl  alcohol,  602 
Mice,  469,  479 
Microbes, 

dairy  industry  use  of,  263-264 
disease  and,  245-258 
food  and  beverage  industry  use  of, 
265-267 

manufacturing  process  use  of, 
267-269 

in  waste  treatment  and  fuel 
production,  270-272 
Microbiology,  3 
Micronucleus,  216 
Microorganism,  3,  39 
classification  of,  172 
Micropyle,  306 
Microscope,  3,  13 
Microtubule,  23 
Microvilli,  24,  494 
Middle  ear,  564 
Midrib,  310 
Migration 
of  birds,  462 
of  mammals,  480 
Mildew,  233,  236,  237 
Milk,  263-264,  465,  538 
lactation,  592 
Millipede,  403 
Mimosa pudica,  335-336 
Minerals,  500 
Miscarriage,  136 
Mite,  406,  410-41 1 
Mitochondria,  21-22,  54,  61,  78, 

507 

internal  membranes  of,  93 
reproduction  of,  85-86 
Mitosis,  81,  83-86 
Mitral  valve,  509 

Moist  temperate  coniferous  forest, 
674 
Moisture 

bacterial  growth  and,  198 
germination  and,  316-317 
Molar,  478,  486 
Mold,  19,  86,  233,  235 
Molecules,  4,  29-50 
of  carbohydrates,  36-39 
chemical-bond  energy  and,  67-68 
of  fats,  40-42 
movement  of,  9 1  -92 


nature  of,  29-33 
of  proteins,  44-50 
of  water,  33-36 
Mole,  468 

Mollusk,  389-394,  665 
Molting,  405 
of  feathers,  457 
Monera,  26,  172,  191-206 
bacteria,  193-204 
blue-green  algae,  26,  73,  172, 
204-206 
Mongolism,  1 4 1 
Monkey,  474 
Monocot,  310 
Monocyte,  507-508 
Monoploid  cell,  88 
Monosaccharide,  36,  494 
Monotreme,  466 
Morgan,  Thomas  Hunt,  112-114 
Morphine,  596-597 
Mortality,  6l4 

Mosquito,  218-219,  248,  251 
Mosses,  277,  278-283 
Motile,  197 
Motion  sickness,  566 
Motor  nerve,  551,  559 

skeletal  muscle  contraction  and, 
580 

Mountains,  680 
Mouth,  357,  377 
digestion  and,  485-489 
of  earthworm,  382 
of  hydra,  359,  36 1 
of  Planaria,  371 
of  starfish,  397 
Mouthparts,  417 
Movement 

cellular  liquid,  91-96 
heat  and,  67-68 
See  also  Locomotion. 
Mucopolysaccharide,  129 
Mucous  gland,  370,  436,  438,  443 
Mucous  membrane,  251-252,  523 
Mucus,  491,  523 

Multicellular  organism,  191-192, 
225 

Mumps,  247 

Muscles  and  muscular  system 
of  arthropod,  404 
cardiac,  509-5 1 1 
fibers  of,  359 


offlatworm,  370 
of  human,  577-582 
malnutrition  and,  497 
respiratory,  526-527 
of  roundworm,  378 
Muscular  foot,  389,  393 
Muscular  stomach,  391 
Mushroom,  232,  238 
Muskrat,  469 
Mutagen,  62,  63 
Mutation 

genes  and,  62-64 
population  variation  and,  147 
viral,  246 

Mutualism,  629-630 
Mycelium,  235 
Mycoplasma,  204 
Mycorrhiza,  242,  629 
Myelin,  548,  553 
Myofibril,  580-581 
Myosin,  580 
Myxamoeba,  240 
Myxedema,  543 
Myxomycophyta,  239-240 

NADPH,  74-76 
Naiad  stage,  418 
Narcotic  drug,  596 
Nasal  cavity,  523,  56 1 
Natality,  6 14 
Natural  population,  166 
Natural  selection,  145-152 
Neanderthal  man,  160-161 
Neck  (tooth),  486 
Nectar,  304,  306 
Nekton,  655,  662 
Nematocyst,  358 

hydra  food-gathering  and, 
260-261 

Nematoda,  381-386 
Nephridia,  384 
Nephron,  530-533 
Nereocystis,  227 
Neritic  zone,  662 
Nerve  cell,  81,  355,  547 
Nerve  fiber,  362,  551 
Nerve  impulse,  547-551 
Nerve  net,  362 
Nerve  tissue,  355 
Nervous  system 

of  coelenterates,  362 


of  earthworms,  385 
of  humans,  547-566 
of  mollusks,  392 
oiPlanaria,  371-372 
Nests  of  birds,  462 
Netted  veins,  310 
Neurotoxin,  449 
Neuron,  547-551 
Neuston,  655,  662 
Neutral  atom,  31-32 
Neutron,  30-31 
Niacin,  68 
Nicotine,  606-607 
Nitella,  232 
Nitrate,  199,  262,  637 
Nitrogen,  30 
in  amino  acids,  45 
cycle,  636-638 
Nitrogen  base,  55 
mutation  and,  62 
protein  synthesis  and,  60-61 
of  RNA,  57 

Nitrogen  fixation,  199,  205,  262, 
637-638 

Nitrogenous  waste,  371 
Nocturnal  animals,  436 
Node  of  Ranvier,  548 
Nodule,  637 
Nonmotile,  197 
Norepinephrine,  54 1 
as  a  transmitter,  548 
Northern  coniferous  forest,  673-674 
Nose,  523,  608 
Notochord,  427 
Nuclear  DNA,  54 
Nuclear  membrane,  86,  93 
Nucleic  acid,  177,  180-181 
in  lytic  cycle,  185 
viral  classification  and,  182 
Nucleocapsid,  181,  182 
Nucleolus,  16 
Nucleotide,  55,  72,  77,  639 
genes  and,  62,  122 
in  RNA,  57,  70 
Nucleus,  atomic,  29-32 
Nucleus,  of  cell,  16 
DNA  in,  54 
endosperm,  307 
genetic  code  translation  and, 
56-61 

of  Paramecium,  216-217 


Nursery  grounds,  667 
Nutrition,  496 
Nymph  stage,  418 


Obesity,  499 
Obligate  aerobe,  199 
Obligate  anaerobe,  199 
Obligate  symbiosis,  629-630 
Ocean  current,  66 1 
Oceanic  zone,  662 
Octopus,  389,  393-394 
Odor,  561-562 
Oil  gland,  476 
Oils,  42 
Oleic  acid,  42 
Olfactory  nerve,  561-562 
Omnivore,  47 1 

On  the  Origin  of  Species  (Darwin), 
150 

Oncogenic  virus,  186-187 

Open  circulatory  system,  414,  418 

Operculum,  431 

Opossum,  467,  480 

Opposable  thumb,  47 4 

Optic  nerve,  563 

Oral  groove,  215-216 

Orb  weaver,  408 

Orchid,  242 

Organelle  DNA,  54,  6l,  86 
Organelles,  4 
membrane,  93 
molecules  and,  29 
of  procaryotic  cells,  191 
Opiate,  596-597 
Opium,  596 
Order,  170 

Organic  compound,  36 
Organism,  3-4 

cell  theory  and,  13-14 
levels  of  organization  and,  4-6 
reproduction  and,  14-15 
unicellular,  13-14 
Organ,  5,  315,  353 
flatworm,  369 
life  and  death  of,  6 
Origin  (muscle),  582 
Oscillatoria,  206 
Osmosis,  93-95,  341-342 
Osteocyte,  569 
Ostrich,  455 


Otter,  471 
Ova,  586,  588 
Ovary,  305,  586,  588 
of  earthworm,  385 
of  hydra,  362 
Overgrazing,  676,  685 
Over-the-counter  drug,  595 
Ovipositor,  417 
Ovulation,  588 
Ovule,  305 

flowering  plant  reproduction  and, 
306-308 

Oxygen,  30,  67,  74 

aerobic  respiration  and,  510-511 
in  amino  acids,  44 
bacterial  growth  and,  199 
blood  transport  of,  384,  505,  506 
cellular  respiration  and,  78 
cycle,  633-634 
eutrophication  and,  640 
fungus  growth  and,  235 
gas  exchange  and,  355 
as  a  limiting  factor,  654 
pulmonary  circulation  and,  439 
respiratory  system  and,  523-528 
Oxytocin,  540,  592 
Oyster,  389,  392,  66 7 


Pain  receptor,  56 1 
Paint  manufacture,  268 
Panama  Canal,  251 
Pancreas,  493,  494,  543-544 
Pancreatic  amylase,  494 
Pancreatic  lipase,  494 
Pandemic,  246 
Paper  manufacture,  268,  300 
Paper,  research,  10 
Parallel  veins,  310 
Paramecium,  215-217 
Parasite,  370,  627-628 
bacterial,  198 
fluke,  373-375 
fungal,  234 
protist,  2 1 0 
tapeworm,  375-376 
types  of,  373 

Parasympathetic  nerve,  555 
Parathormone,  543 
Parathyroid  gland,  543 
Parotid  gland,  486 


Partial  protein,  498 
Passive  artificial  immunity,  256-257 
Passive  natural  immunity,  255 
Pasteur,  Louis,  14-15,  178,  184,  193 
Pasteurization,  194 
Patau’s  syndrome,  142 
Pathogenic  virus,  180 
Pathogen,  245 

human  defenses  against,  251-258 
Pearls,  393 
Peat,  278 

Pectoral  fin,  430,  431 
Pectoral  girdle,  574,  576 
Pedipalps,  406 
Peking  man,  158 
Pelagic,  662 
Pellicle,  213,  215,  222 
Pelvic  fin,  430,  431 
Pelvic  girdle,  574,  576 
Penguin,  455 
Penicillin,  145,  257-258 
Penicillium,  237,  264 
Penis,  585 

Peppered  moth  adaptations,  147 
Pepsin,  490-492,  494 
Peptic  ulcer,  491-492 
Peptide,  490,  494 
Peptide  bond,  47,  61 
Pericardium,  509 
Periodontal  membrane,  487 
Peripheral  nervous  system,  551 
Periphyton,  655,  662 
Peristaltic  nerve,  489,  490 
Permafrost,  672 
Permanent  teeth,  478 
Personal  hygiene,  257 
Petal,  304,  312 
Petri  dish,  195 
Petroleum,  262 
Phaeophyta,  226 
Phage,  178-179,  184-186 
Phagocyte,  252,  507 
Phagocytosis,  25,  96,  252 
by  amoeba,  212 
by  flatworm,  37 1 
by  hydra,  36 1 
by  slime  mold,  240 
Pharynx  (throat),  489 
respiration  and,  523-524 
Pharynx,  371,  378,  379,  391 
of  spider,  406-407 


747 


Phenotype,  107-110 
Phenylalanine,  128 
Phenylketonuria  (PKU),  128 
Phloem 

primary,  319-320,  323 
secondary,  323 
Phosphate  group,  55 
cellular  energy  and,  69-70 
Phosphoglycerate,  76-77 
Phosphorus,  30,  500,  540 
in  bone  tissue,  569 
Phosphorylation,  70 
Photo  phosphorylation,  75 
Photoperiodism,  335 
Photoreceptor,  370,  372,  385,  4 14 
human,  56 1 
starfish,  399 

Photosynthesis,  72-77,  619 
by  algae,  226,  26 1 
by  mosses,  282 
by  protists,  219,  222 
Photosynthetic  membrane,  205 
Phototrophic  bacteria,  198,  199 
Phototropism,  320-330,  334 
Phycocyanin,  204 
Phycoerythrin,  229 
Phycomycete,  234,  235-236 
Phylum  (division),  170,  350 
Physical  drug  dependence,  596 
Physiology,  4 
Phytoplankton,  655,  663 
Pigments,  16,  123 
of  algae,  226,  229 
of  blue-green  algae,  204-205 
chromatophores  and,  438-439 
photosynthesis  and,  73-74 
Pig,  472 

Pika,  469-470,  479 
Pine  tree,  242,  299-302 
Pinocytosis,  25,  96 
Pioneer  plant,  277,  291,  646 
Pit  viper,  448 
Pituitary  gland,  537-540 
Placenta,  468,  591,  592 
Placental  mammals,  46 7-468 
Planaria,  370-373 
Plankton,  219,  4 15,  655,  662 
Plantae,  170 
Plants,  3 


cell  plate,  85 

environmental  responses  of, 
334-336 

food  and  water  transport  of, 

339-344 

hormones  and,  329-333 
mosses  and  liverworts,  277-29 4 
osmosis  in,  94-95 
photosynthesis  by,  72-77 
pigments  of,  16 
Plantae,  170 

seedless  vascular,  289-294 
See  also  Seed  plants. 

Plaque  (tooth),  487 
Plaques,  of  bacteria,  185 
Plasma,  blood,  505,  532 
Plasma  membrane,  17-18,  24-25, 
41,93,  342 
of  bacteria,  196 
Plasmodium,  218-219 
Plasmolysis,  342 
Plastid,  16,  6 1 
Plastron,  451 
Platelet,  508 

Platyhelminthes,  369-376 
Pleura,  525-526 
Pleurisy,  526 
Plume,  309 
Pneumonia,  528 
Poison 

of  amphibians,  438 
of  arachnids,  406 
bacterial,  250 
of  coelenterates,  358,  364 
of  snakes,  449-450 
Polar  molecule,  34,  339 
Poles,  85 

Poliomyelitis,  177,  178 
Pollen,  300-301,  304 
flowering-plant  fertilization  and, 
306-307 

Pollen  cone,  300-301 
Pollination,  304,  305-307,  4 16 
Polygenic,  122 
Polyp,  359 

Polypeptide  chain,  47,  4 8-49 
genes  and,  62,  122 
genetic  diseases  and,  125-127 
protein  synthesis  and,  58-61 
Polysaccharide,  39 
Polysome,  60 


Pond  community,  6 
Pool  zone,  658 
Population,  5 
adaptations  in,  145-152 
classification  system  and,  166 
community,  ecosystem,  and, 
613-620 

dependency  patterns  within, 
623-630 

ecological  succession  and, 
643-650 
human,  683-688 
Porcupine,  469 
Pore,  322,  339,  371 
of  sponge,  353 
Porifera,  352-357 
Porpoise,  473 

Portuguese  man-of-war,  357,  364 
Posterior,  351 

Posterior  lobe,  538,  539-540 
Potassium  ion,  542,  550 
Prairie  dog,  469 
Precocial  bird,  462 
Predator,  406 
Preening,  456 
Pregnancy,  590-591 
Rh  antigen  and,  132-133 
spontaneous  abortion  and,  136, 
140-141 

and  teratogens,  142 
trisomy,  maternal  age,  and,  l4l 
Premolar,  478,  486 
Prescription  drug,  595 
Primary  growth  of  flowering  plant, 
318-322 

Primary  phloem,  319-320,  323 
Primary  structure  of  protein,  46-49 
Primary  succession,  646-64 7 
Primary  xylem,  318-319,  323 
Primate,  474-475 
Probability,  105 
Procaryotic  cell,  25-26 
DNA  in,  54,  81 
ofmonerans,  191-192 
photosynthesis  in,  73 
Producer,  72,  77 
in  ecosystem,  618-619 
Profundal  zone,  656-657 
Progesterone,  587,  589,  591 
Proglottid,  375 
Prolactin,  592 


Prophage,  185-186 
Prophase,  83-85 
Prostaglandins,  544 
Prostate,  585 
Prostomium,  382 
Protease,  494 

Protection,  skeletal  system,  and,  572 
Protein,  20,  44-50,  262 
blood  antibodies,  antigens,  and, 
129-131 

digestive  system  breakdown  of, 
485,  490-491,  494 
DNA  and  synthesis  of,  50,  56-61 
and  enzymes,  68,  122 
growth  hormone  and,  539 
human  need  of,  496-497 
plant  embryo  germination  and, 
317 

primary  structure  of,  45-49 
sickle-cell  anemia  and,  49-50 
structural  subunits  of,  44 
viruses  and,  180,  183-188 
Prothallus,  292 
Protista,  172,  209-222 
animallike,  209-219 
plantlike,  219-222 
Protists,  209 
Protocooperation,  629 
Proton,  29-32 
Protonema,  279 
Protozoa,  209-210 
Proximal,  352 
Pseudocoel,  378 
Pseudopodia,  211-212 
Psilocybin,  600 
Psychedelic,  600 
Psychosomatic  disorder,  556 
Ptyalin,  485 
Puberty,  585 
Pubis,  576 

Public  sanitation,  251 
Pulmonary  artery,  516 
Pulmonary  circulation,  439,  456, 
516-518 

Pulp  chamber,  487 
Pulse,  512 
Punnett  square,  109 
Pupa  stage,  4 19 
Pupil,  563 

Pyloric  sphincter,  490 
Pylorus,  490 
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Pyrrophyta,  221 
Pyruvic  acid,  78 
Psychological  dependence,  596 
Python,  449 

Queen  bee,  4 19 
Quill,  456 
Quinine,  257 

R  group,  44,  47 
Rabbit,  469-470,  478 
hair  color  of,  117-118 
Raccoon,  480 

Radial  symmetry,  351,  357,  395 
Radiant  energy,  72,  73 
light  and  dark  reactions,  74-76 
Radiating  threads,  408 
Radiation,  142 

genetic  mutations  and,  62,  63 
Radicle,  316,  334 
Radiolaria,  212-213 
Radula,  391 
Rapids  zone,  658 
Rat,  469 

Rattlesnake,  448,  449 
Ray,  323 

Ray  (fish),  429-431 
Ray  flower,  312 
Reaction  time,  606 
Receptacle  (algae)  226 
Receptacle  (plants),  303,  308 
Receptor,  557,  561-566 
See  also  Sensory  receptor. 
Recessive  genes,  103-106 
discontinuous  traits  and,  122-123 
genetic  disease  and,  121,  125-129 
Recombinant  DNA,  63-64 
Recombination,  147 
Recycling,  261 
Red  algae,  229-230,  665 
Red  blood  cell,  49,  505-507 
concentration  gradient  and,  93-94 
Red  bone  marrow,  507 
Red-green  color  blindness,  137-138 
Red  tide,  221 
Reef,  230,  365-366 
Regeneration,  355-356,  363,  373 
starfish,  399 
Releasing  factor,  538 
Renal  artery,  531 
Renin,  544 


Replication 
of  DNA,  55-56 
viral,  183 
Reproduction 
of  algae,  226-227,  232 
of  amphibians,  440 
of  bacteria,  199-203 
of  birds,  456,  462 
of  blue-green  algae,  205 
cellular,  16,  81-88 
of  coelenterates,  362-363 
of  earthworms,  385 
of  ferns,  292-294 
of  fishes,  432 

of  flatworms,  370,  372-373,  375 
of  flowering  plants,  304-310 
of  humans,  585-592 
of  mammals,  480 
of  molds,  235-236 
of  mosses,  279-283,  286 
ofprotists,  210,  216-217 
of  roundworms,  378-379 
of  snakes,  450 
of  sponges,  355-357 
of  starfishes,  399 
of  yeasts,  236-237 
See  also  Asexual  reproduction; 
Eggs  and  egg  cells;  Sperm 
cells. 

Reproductive  isolation,  167 
Reptiles,  427-428,  443-452 
alligators  and  crocodiles,  451-452 
lizards,  445-446 
snakes,  447-450 
turtles  and  tortoises,  451 
Resistance,  246 

Respiration,  cellular,  78,  498,  523 
Respiration  and  respiratory  systems 
of  arachnids,  406 
of  flowering  plants,  322,  323 
of  humans,  523-528 
of  mollusks,  390 
of  reptiles,  444 
of  sponges,  355 
See  also  Gas  exchange. 

Responses,  plant,  334-336 
Resting  neuron,  549 
Reticular  formation,  557-558 
Retina,  563 
Retting,  267 
Rh  antigen,  132-133 


Rh  factor,  132-133 
Rhinoceros,  472 
Rhizobium,  637 
Rhizoid,  235,  279,  292 
Rhizopus  stolonifer,  235 
Rhodophyta,  226 
Rhogam,  133 
Riboflavin,  68 

Ribonucleic  acid  (RNA),  57-58 
protein  synthesis  and,  59-61 
in  viruses,  181,  182 
Ribosomal  RNA  (rRNA),  59-61 
Ribosomes,  20 
of  bacteria,  196 
of  blue-green  algae,  205 
of  procaryotic  cells,  191 
protein  synthesis  and,  60-61 
Ribs,  44 8,  574 

Ribulose  diphosphate,  76-77 
Ricketts,  Howard,  204 
Rickettsias,  204 
Right  atrium,  439,  509,  516 
Right  ventricle,  509 
RNA.  See  Ribonucleic  acid. 
Rodent,  469,  478 
Rods,  564 
Root  (tooth),  486 
Root  hair,  34 1 
Root  tip,  307 
Roots,  316 
fibrous,  310 

geo  tropic  responses  of,  334 
mycorrhiza  symbiosis  and,  242 
primary  growth  of,  318 
tap,  310 

transport  functions  of,  339-343 
Rough  ER,  20 
Roundworm,  376-381 
Ruminant,  472 
Runner,  469-470 
Rust,  232,  238 

S-curve  pattern,  6 1 5,  687-688 
S  phase  (synthesis),  82 
Saccharomyces,  257 
Sacrum,  574 

Salamanders,  433,  436-437 
Saliva,  485-486 
Salivary  amylase,  486,  493 
Salivary  glands,  486 
Salmonella,  247 


Salt,  562 
Sand  dollar,  399 
Sap,  35 

Saprophyte,  198,  234 
Saprozoic,  210 
Sapwood,  326 
Sarcodina,  211-213 
Sarcolemma,  580-581 
Sarcoplasmic  reticulum,  581 
Sargassum,  228 
Saturated  fatty  acid,  42 
Sawfly,  422 
Scales,  428,  431,  477 
Scallop,  392 
Scapula,  576 
Scent  glands,  476 
Schizomycete,  192 
Schwann  cell,  548 
Scientific  fact,  10 
Scientific  law,  10 
Scientific  name,  170-172 
Sclera,  563 
Sclerotin,  422 

Scorpion,  403,  406,  410-411 
Sea  anemone,  357,  365,  629 
Sea  cucumber,  399-400 
Sea  slug,  361 
Sea  urchin,  399 
Seal,  471,  480 
Seashell,  391 

Second  filial  generation  (F2), 
103-106 

Secondary  growth  of  flowering 
plants,  323-326 

Secondary  sex  characteristics,  586 
Secondary  succession,  647-650 
Secondary  wall,  319 
Seed  cone,  300-30 1 
Seed  dispersal,  308-310 
Seed  plant,  297-312 
angiosperm,  303-3 1 2 
early  development  of,  3 1 5-317 
gymnosperm,  299-302 
primary  growth  of,  318-322 
secondary  growth  of,  323-326 
Seedless  vascular  plant,  289-294 
fern,  291-294 
horsetail,  289-290 
lycopod,  290-29 1 
Seeds,  40,  298 

dispersal  of,  308-3 1 0 
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formation  of,  307-308 
of  pine  cones,  300-301 
Segmental  ganglia,  385 
Segmented  worm,  381-386 
Selaginella,  291 

Selectively  permeable,  17-18,  93-95 
Self-pollination,  305 
Semen,  585 

Semicircular  canals,  565-566 
Semilunar  valve,  514 
Seminal  vesicle,  585 
Sensory  cell,  362 
Sensory  nerve,  551,  559 
Sensory  receptor,  370,  372,  382, 

385 

of  arthropod,  404,  417 
of  fish,  428 

of  human,  557,  561-566 
of  snake,  447 
Sepal,  304 
Septa,  381 
Sessile,  352,  665 
Setae,  382 

Sewage  disposal,  251,  270-271 
Sex  chromosome,  112-114, 

133-137 

Sex-linked  gene,  112-114 
Shaft,  456 
Shark,  429-431 
Sheath,  205 
Sheep,  472 
Shoot,  316,  329-330 
Short-day  plant,  335 
Shrew,  468 

Shrimp,  403,  411,  415,  667 
Shrub,  299 

Sickle-cell  anemia,  49-50,  125-127 
Sieve  tube,  320,  344 
Silage,  269 
Silica,  212,  220,  290 
in  sponge  skeleton,  354 
Silk  gland,  407 
Simple  eye,  406 
Simple  fracture,  576 
Simple  goiter,  543 
Sinus,  414,  524 
Skeletal  muscle,  510,  577-580 
Skeletal  structure 

anthropod  exoskeleton  and, 
404-405 

of  birds,  457-458 


of  humans,  569-576 
internal  echinoderm,  395 
land  animal  support  and,  433 
of  reptiles,  443 
of  sponges,  354 
vertebrate  endoskeleton,  428 
Skin,  42 

and  respiration  by  amphibians, 
436 

sensory  receptors  in,  56 1 
of  vertebrates,  428 
Skin  color,  123-124 
Skin  gill,  398 
Skull,  574 
Skunk,  471 
Slime  mold,  239-240 
Slug,  389,  391 

Small  intestine,  490,  491,  493-495 
Smallpox,  177,  178,  248 
Smell,  474 

Smoking  and  tobacco,  606-608 
Smooth  ER,  20 

Smooth  muscle,  490,  510,  577 
Snails,  389,  390-392 
Snake,  428,  447-450 
Snowshoe  rabbit,  470 
Soaring  wing,  46 1 
Social  insect,  419 
Sodium  chloride,  32 
Sodium  ion,  31,  496,  542 
nerve  impulse  transmission  and, 
550 

Softwood,  326 

Soil  formation,  241-242 

Solute,  35 

Solution,  35 

Solvent,  35 

Sori,  292 

Sound,  564 

Sour,  562 

Sour  cream,  263 

Species,  166-167,  170 

Sperm  cell,  590 

anterior  lobe  hormones  and,  538 
of  earthworm,  385 
of  fern,  292 

of  flowering  plant,  304-305, 
306-307 

hydra  testis  production  of,  362 
of  moss  antheridium,  280 
of  pine  cone,  301 
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of  sponge,  356-357 
Spermatozoa,  585-586 
Sphagnum,  277-278 
Sphincter,  489,  495,  517 
Spicule,  354 
Spider,  403,  406-409 
Spider  web,  407-408 
Spinal  cord,  551,  552-554,  574 
Spinal  nerve,  553 
Spindle,  85,  88 
Spinneret,  407 
Spiracle,  417 
Spiral  reflex,  553-554 
Spiral  thread,  408 
Spirilla,  196 
Spirochete,  249 
Spirogyra,  232 
Spleen,  507 

Sponge,  352-357,  629,  665 
Spongin,  354 
Spongy  bone,  569 
Spontaneous  abortion,  136, 
140-141 

Spontaneous  generation,  14-15 
Sporangiophore,  235 
Sporangium,  232,  235,  240 
fern,  292 

Spore,  205,  218,  232 
bacterial,  200-201 
fern,  292-294 
horsetail,  290 
mold,  235 
moss,  283 
mushroom,  238 
slime  mold,  240 
yeast,  236-237 
Sporophyte,  279,  282,  286 
fern,  292-294 
horsetail,  290 
lycopod,  291 
Sporozoa,  217-219 
Spreading  factor,  250 
Spruce  tree,  299 
Squid,  389,  393-394 
Squirrel,  469,  478 
Staining,  16,  194 
Stamen,  304 
Stanley,  Wendell,  179 
Staphylococcus,  195 
Starch,  39,  77 

digestive  system  breakdown  of, 


485-486 

of  green  alga,  230 
Starch  granule,  205,  222 
Starfish,  395-399 
Stearic  acid,  42 
Stem,  316,  318,  339 
Sternum,  448,  507,  509,  556 
Stethoscope,  514 
Stigma,  305,  306 
Stimulant,  599 
Stimulation,  329 

sensory  cells  and,  362 
Stirrup,  564 
Stomach,  5,  378 

digestion  and,  490-492 
muscular,  391 
of  ruminant,  472 
of  starfish,  397-398 
Stomata,  76,  322,  339 
Streptobacillus,  196 
Streptococcus,  195 
Streptomycin,  258 
Stress,  541-542 
Striated  muscle,  580 
Stripe,  226 
Strobilus,  290 
Stroke,  508,  518 
Stroma,  73,  76 
Style,  305,  306 
Subcutaneous  fat,  42 
Sublingual  gland,  486 
Submaxillary  gland,  486 
Substrate,  68-69 
Succulent,  679 
Sucrose,  37,  344 
Sugar,  36-39,  72 
digestive  system  production  of, 
485,  494-495 

fermentation  and,  193-194, 
265-267 

photosynthetic  production  of, 
76-77 

regulation  of,  543-544 
translocation  and,  344 
Sulfa  drug,  257 
Sunflower,  311-312 
Sunlight,  72 

Superior  vena  cava,  516 
Support,  skeletal  system  and,  572 
Supracellular  differentiation,  315 
Survival,  147 
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Suture,  574 
Swallowing,  485,  489 
Sweat  gland,  476 
Sweet,  562 
Swim  bladder,  432 
Symbiosis,  210,  627-630 
fungus,  240-242 
Symmetry,  351 
Sympathetic  nerve,  555 
Synapse,  548-549,  553 
Synovial  joint,  576 
Synthetic  stimulant,  599 
Syphilis,  249 

Systemic  circulation,  439,  456, 
513-516 

System,  5,  315,  353 
Systole,  513,  516 

T  tubule,  581 

Tadpole,  440 

Taiga,  673-674 

Tanning,  267 

Taproot,  310 

Tapeworm,  375-376 

Tar,  606-607 

Tasaday,  162 

Taste,  56 1 

Taste  bud,  562 

Taste  receptor,  485 

Taxon,  166 

Taxonomist,  166,  172 

Tay-Sachs  disease,  128-129 

Teeth,  156 

digestion  and,  486-487 
of  mammals,  468,  469,  471,  472, 
478 

Telophase,  83,  85 
Temin,  Howard,  187 
Temperate  deciduous  forest,  675 
Temperate  grasslands,  675-676 
Temperate  phages,  185 
Temperature 

bacterial  growth  and,  198 
germination  and,  316-317 
as  a  limiting  factor,  653,  671 
mammal  adaptations  for,  479-480 
thermoreceptors  and,  56 1 
See  also  Body  temperature. 
Tendon,  581 
Tentacle 

hydra,  358,  359,  360 
jellyfish,  364 


sea  anemone,  365 
sea  cucumber,  400 
snail,  391 
Teratogen,  142 
Termite,  213-214,  419,  629 
Terrestrial  habitat,  613-614, 
671-680 

Territory,  476-477 
Testa,  298,  307 
Testcross  (backcross),  108 
Testes,  362,  385,  585-586 
Testosterone,  586 
Tetanus,  199,  245,  250 
Tetrad,  87-88 
Thalamus,  559 
Thallophyte,  225-226 
Thallose-form  liverwort,  284 
Thallus,  225 
Theory,  10 

Theory  of  evolution,  151 
Thermal  pollution,  653 
Thermoreceptor,  56 1 
Thoracic  vertebrae,  574 
Thorax,  525 
of  insects,  416-417 
Throat,  489 
Thylakoids,  73,  75 
Thymine,  55,  57 

Thyroid  gland,  500,  539,  542-543 
Thyroid-stimulating  hormone 
(TSH),  539,  542 
Thyroxine,  542-543  • 

Tick,  403,  406,410-411 
Timberline,  680 
Tissue,  5,  315,  352 
life  and  death  of,  6 
Toad,  433,  437-439 
Toadstool,  232 

Tobacco  and  smoking,  606-608 
Toes,  444 
Tongue,  440 

sensory  receptors  of,  561,  562 
snake,  447 
Tortoise,  451 
Touch,  557 

plant  response  to,  335-336 
Trachea,  489,  523-525,  608 
Tracheal  system,  417 
Tracheid,  319 
Tracheophyta,  289-294 
fern,  291-294 
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horsetail,  289-290 
lycopod,  290-291 
Traits 

inheritance  of,  103-110 
kinds  of,  121-124 
sex-linked,  137-141 
Tranquilizer,  598 
Transfer  RNA  (tRNA),  59-61 
Translocation,  343-344 
Transmitter,  548 

muscle  contraction  and,  580-581 
Transpiration,  322 

plant  transport  functions  and, 
339-343 

Transport  function,  339,  36 1 
earthworm,  384 
starfish,  398 
Tree  fern,  294 
Triceps,  582 
Trichinosis,  380-381 
Trichocyst,  216 
Trickling  filter,  270 
Tricuspid  valve,  509,  514-515,  516 
Triglyceride,  42,  494,  495 
Trisomy,  134-135,  140-141 
Trophic  level,  623,  625 
Tropical  deciduous  forest,  678 
Tropical  rain  forest,  677 
Tropical  savanna,  676-677 
Tropical  scrub  forest,  679 
True  meristematic  tissue,  318 
Trypanosoma,  214 
Tuatara,  452 
Tube  feet,  395,  396-397 
Tube-within-a-tube  structure, 
377-378 

Tuberculosis,  199 
Tumbleweed,  309-310 
Tundra,  672-673 
Turgor,  342 

Turner’s  syndrome,  136 
Turtle,  451 

Tympanic  membrane,  564 
Typhoid  fever,  251 


Ulva,  232 
Underhair,  476 
Understory,  674 
Ungulate,  472 

Unicellular  organism,  13-14,  19 


cilia  of,  23 

green  algae,  230-232 
monerans,  26,  191 
Universal  solvent,  35 
Unsaturated  fatty  acid,  42 
Upwelling,  66 1 
Uracil,  57 

Urea, 529-530,  532-533 
Urethra,  534 
Urinary  bladder,  534 
Urinate,  534 
Ureter,  533-534 
Urine,  533 

Uterus,  588,  590-592 

Vaccination,  178,  255 
Vacuole,  16,  21,  25,  96 
of  amoeba,  212 
of  Paramecium,  216 
Vagina,  585,  589 
Valine,  125 
Vampire  bat,  469 
Vapor-sniffing,  600-601 
Variation  in  populations,  147 
Vas  deferens,  585 
Vascular  cambrium,  323 
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